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Introductory Note 
The following policies and interpretations of 

the Administrator of Civil Aeronautics pertain 
to Part 8 of the regulations of the Civil Aero
nautics Board, which became effective October 
11, 1950 (15 F. R. 5224, August 12, 1950). The 
entire Part 8 is repeated here to assist the pub
lic in understanding how the Administrator's 
policies and interpretations apply to the various 
sections of the Board's regulations. 
The administrator's policies and interpreta

tions explain and interpret the Board's regula
tions, and set forth acceptable procedures and 
practices for the guidance of the public in com
plying with the regulations. Other practices 
which provide equivalent safety to those speci
fied by the Administrator will also be accept
able. Any provisions which are shown to be 
inapplicable in a particular case will be modi
fied upon request. 
The material is arranged to set forth in small 

type each numbered section of the Board's regu
lations followed by the related policies and in
terpretations of the Administrator. The Ad
ministrator's sections pertaining to a particular 
section of the Board's regulations are identified 
by consecutive dash numbers appended to the 
regulation section number. Thus section 8.0 
means section 8.0 of the Board's regulations, 
and section 8.0-2 means the second of the Ad
ministrator's sections under section 8.0. 
Guidance information for use in modifying 

aircraft for agricultural and similar purposes 
is contained in C A M 8, Appendix A. 
The Administrator's policies and interpreta

tions will be revised from time to time as the 
need for new or revised interpretations, pro
cedures, or practices are brought to the atten
tion of the CAA. 
Because the new Part 8 presents a consider

able departure from the previous restricted cate
gory airworthiness requirements, the explana
tory statement issued by the Civil Aeronautics 
Board upon adoption of Part 8 is set forth be
low to explain its background and objectives. 
In this statement, the terms "currently ef-
(Rev. 2/23/54) 

fective" and "existing requirements" actually 
refer to the requirements in effect prior to Part 
8, since the statement was issued before the ef
fective date of the regulation. 

"Preamble to Part 8. Currently effective air
worthiness parts and Part 43 of the Civil Air 
Regulations provide for the type and airworth
iness certification of aircraft built or modified 
for special purposes, such as crop dusting, seed
ing, spraying, and other special purposes. In 
accordance with current requirements the Ad
ministrator may waive such of the basic air
worthiness requirements as are rendered inap
propriate by the special purposes involved, but 
he is required to prescribe operating limitations 
to insure that the operation will have 'an equiv
alent level of safety' to that of an aircraft op
erating under an airworthiness certificate for an 
aircraft category other than restricted. The 
procedure by which compliance is shown with 
the restricted category is essentially the same 
as that required for certification in other air
worthiness categories. 

"We have been advised that the existing re
quirements, which were designed primarily to 
establish an appropriate level of safety for pas
senger-carrying aircraft, have imposed an un
necessary economic burden and are unduly re
strictive for the manufacture and operation of 
aircraft intended for use in rural, sparsely set
tled areas outside the usual lanes of air trans
portation and in which no passengers are to be 
carried for hire. For such restricted operations 
where public safety is not endangered it appears 
unreasonable to require the same level of safety 
as that required for passenger-carrying air
craft. Therefore, a basic change in Part 8 from 
current practice has been the elimination of 
the 'equivalent level of safety' provision from 
the requirements for restricted category air
craft. 

"In addition, the part establishes new stand
ards for the issuance of type certificates for 
the restricted category, for modifications or 
existing type certificates, and for issuance of 
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airworthiness certificates for aircraft intended 
to be operated for special purposes and for operat
ing limitations to be applicable to such aircraft. 
It also simplifies the procedure of showing com
pliance with the restricted category require
ments and provides for the tailoring of the 
operating limitations to the particular purpose 
for which certification is sought. This part 
authorizes the Administrator to waive or mod
ify any of the airworthiness requirements of 
the Civil Air Regulations, either for initial or 
continued airworthiness, for the standard 
(passenger-carrying) aircraft categories which 
he finds inappropriate for the special purpose 
for which the aircraft is to be used, including 
individual design requirements, requirements 
for flight testing, and submittal of engineering 
data and drawings. In the case of aircraft 
built for type certification in the restricted cate
gory, engineering data, reports, and flight tests 
will be required but in a greatly simplified man
ner as compared to the requirements for the 
passenger-carrying categories. However, it 
should be noted that nothing in this part is in
tended to contravene the statutory requirement 
that the administrator find that the aircraft is 
'of proper design, material specification, con
struction, and performance for safe operation' 
before issuing a type certificate. (Sec. 6 0 3 , 52 
Stat. 1009, 49 U.S. C. 553 . ) 

"A civil aircraft which has previously been 
type certificated and subsequently modified for 
a special purpose may be issued a modified type 
certificate, and a military aircraft which has 
been manufactured according to the require
ments of, and accepted for use by, a military 
service of the United States and subsequently 
modified for a special purpose may be issued a 
type certificate, when upon inspection the Ad
ministrator finds that the modification has been 
made in accordance with good aeronautical 
practice and that no feature or characteristic of 
the aircraft would render it unsafe when op
erated in accordance with the prescribed limita
tions. Engineering data, reports, or flight tests 
would not be required by the provisions of this 
part, except in cases where the inspection dis
closes a possible unsafe feature or characteristic. 

"Provision is further made whereby an air
craft may be issued an airworthiness certificate 
in the restricted category and in any one or more, 
of the airworthiness categories prescribed by 
the Civil Air Regulations, if. the applicant 
shows compliance with the requirements for 
each category when in the configuration for 
that category and if the aircraft can be con
verted from one category to another by the ad
dition or removal of equipment by simple me
chanical means. Under such circumstances the 
Administrator will specify appropriate operat
ing limitations for each category and will spec
ify the approval changes necessary to convert 
and reconvert the aircraft from one category 
to another. 
"This part is intended to provide the great

est possible flexibility of administration and to 
place the minimum possible burden consistent 
with public safety on the applicant for a cer
tificate in the restricted category. While it is 
anticipated that it will be necessary to supple
ment this part with administrative policies and 
manual material, it is intended that such ma
terial be directly related to existing airworthi
ness standards and not take the form of inde
pendent administrative rules to be applied in 
lieu of the basic regulations. 

"It will be noted that the Board is currently 
considering a revision of Parts 1 and 2 , and it 
is contemplated that some of the material con
tained in this part will be included in that 
revision. 

"Concurrently with the adoption of this part 
all reference to requirements for certification 
in the restricted category and to the operating 
limitations for aircraft so certificated, presently 
contained in Parts 3, 6, and 43 of the Civil Air 
Regulations, are being deleted from those parts. 

"Interested persons have been afforded an 
opportunity to participate in the making of 
this new part, and due consideration has been 
given to all relevant matter presented. 

"In consideration of the foregoing the Civil 
Aeronautics Board hereby makes and promul
gates a new Part 8 of the Civil Air Regulations 
to read as follows, effective October 11 , 1 9 5 0 : " 

(Rev. 2/23/54) 
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Aircraft Airworthiness 

Restricted Category 
8.0 Applicability of this part. This part 

establishes standards for the issuance of 
type and airworthiness certificates for air
craft in the restricted category which are in
tended to be operated for agricultural, in
dustrial, or other special purposes. This part 
also establishes operating limitations applicable 
to such aircraft. 
8.0-1 Eligible special purposes (CAA in

terpretations which apply to sec. 8.0). 
(a) The operating limitations specified in 

sections 8.32 and 8.33 limit the special purposes 
for which an aircraft may be certificated in 
the restricted category under Part 8. Section 
8.32 prohibits the carriage of persons or cargo 
for hire in restricted category aircraft. Section 
8.33 prohibits the carriage of persons other than 
the crew during special purpose operations. 
A flight operation involving the carriage of 
persons or cargo under the conditions prohib
ited by sections 8.32 or 8.33 will therefore not 
be considered an eligible special purpose for 
certificating the aircraft under the provisions 
of Part 8. 

(b) The following are examples of special 
purpose operations considered to be within the 
applicability of Part 8: 

Agricultural—spraying, dusting, and seed
ing; livestock and predatory animal con
trol. 

Forest and wildlife conservation. 
Aerial surveying—photography, mapping; 
oil and mineral exploration. 

Patrolling—pipelines, power lines, canals. 
Weather control—cloud seeding. 
Aerial advertising—skywriting, banner 

towing airborne signs and public address 
systems. 

Appropriate combinations of such special 
purposes will also be eligible. 

NOTE.—A CERTIFICATE OF WAIVER OR AUTHORIZATION IS 
REQUIRED TO CONDUCT SPECIAL PURPOSE OPERATIONS OVER 
CERTAIN AREAS (SEE SEC. 8.31 AND 8.31-1). 

PUBLISHED IN 15 F. R. 9223, DECEMBER 23, 1950, 
EFFECTIVE JANUARY 1, 1951. 

(Rev. 2/23/54) 
397956 O -56 -2 

8.0-2 Applicability to aircraft previously 
certificated in the restricted category (CAA 
policies which apply to sec. 8.0). 

(a) Aircraft which were certificated in the 
restricted category prior to the effective date of 
Part 8 (October 11,1950) may at the option of 
the owner retain their existing certification 
status. 

(b) Alternatively, aircraft previously certifi
cated in the restricted category may be recertifl-
cated under Part 8 as follows: 

(1) If the aircraft is not modified from 
its previously approved configuration, the ap
plicant should apply for recertification in ac
cordance with section 8.20-1 (a). The C A A 
representative, without further inspection of 
the aircraft, will prescribe revised aircraft 
operating limitations (see sec. 8.30-1) indi
cating that the aircraft is certificated under 
Part 8. For agricultural aircraft the placard 
capacities of hoppers and tanks may be estab
lished and revised by the owner in accordance 
with section 8.10-4 (b). Repairs and altera
tions to such aircraft made after recertification 
under Part 8 will be handled in accordance with 
section 8.20-3. 

(2) If the configuration of the aircraft is 
modified (i. e., a major alteration) from the 
previously approved configuration, the recer
tification procedure will be that specified in 
section 8.10-3. 

(c) On or after October 11, 1950, an aircraft 
certificated for the first time in the restricted 
category must be certificated under Part 8, since 
previous restricted category requirements are 
rescinded on that date. 

PUBLISHED IN 15 F. R. 9223, DECEMBER 23, 1950, 
EFFECTIVE JANUARY 1, 1951; AMENDED IN 19 F. R. 1791, 
APRIL 1, 1954, EFFECTIVE APRIL 30, 1954. 

8.0-3 Applicability to aircraft certificated 
in a category other than restricted category 
(CAA policies which apply to sec. 8.0). 
(a) Part 8 does not require an aircraft used 

for a special purpose to be certificated in the 

1 
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restricted category. An aircraft modified for 
a special purpose may therefore be certificated 
in a category other than the restricted category 
(e. g., normal, utility or acrobatic category), 
provided the modified aircraft fully complies 
with the airworthiness requirements for such 
category. 

(b) An aircraft which has been previously 
modified and then certified in a category other 
than restricted (as described in paragraph (a) 
of this section), may either retain its existing 
certification status or be recertified in the re
stricted category under Part 8 in accordance 
with the procedure specified in section 8.0-2 
(b). In the latter case, the CAA representa
tive will issue a revised Certificate of Air
worthiness and prescribe appropriate operating 
limitations. 

(c) An aircraft which has been previously 
type certificated in another category and then 
modified for a special purpose may be certifi
cated in the restricted category in accordance 
with the procedure specified in section 8.10-3. 

(d) An aircraft which has been certificated 
in the restricted category under Part 8 may be 
recertificated in another category when— 

(1) The aircraft is restored to a configura
tion which is eligible for certification under an 
existing type certificate in such category, or 

(2) Any changes from such configuration 
are shown to comply with the airworthiness re
quirements for the appropriate category. 

(e) An aircraft may, however, be certificated 
in the restricted and other categories in ac
cordance with the multiple airworthiness cer
tification provisions of section 8.21. 

Published in 15 F. R. 9224, December 23. 1950, 
effective January 1, 1951; amended in 19 F. R. 1791, 
April 1, 1954, effective April 30, 1954. 

8.1 Definitions. 
(a) As used in this part, terms shall be 

defined as follows: 
(1) Administrator. The Administra

tor is the Administrator of Civil Aeronautics. 
(2) Applicant, An applicant is a per

son or persons applying for approval of an 
aircraft or any part thereof. 

(3) Approved. Approved, when used 
alone or as modifying terms such as means, 
devices, specifications, etc, shall mean ap
proved by the Administrator. 

(4) Authorized representative of the 
Administrator. An authorized representa
tive of the Administrator shall mean any em
ployee of the Civil Aeronautics Administra
tion or any private person, authorized by the 
Administrator to perform any of the duties 
imposed upon him by the provisions of this 
part. 
8.1-1 Authorised representative of the Ad

ministrator (CAA interpretations which apply 
to sec 8.1 (a) (4)). The term "private person" 
mentioned in this section is interpreted to 
mean a Designated Aircraft Maintenance 
Inspector (DAMI), or a Designated Manufac
turing Inspection Representative (DMIR). 
All such persons are issued a Certificate of 
Authority, Form ACA-1382, for the purpose of 
identification. 

Published in 15 F. R. 9224, December 23, 1950, 
effective January 1, 1951. 

8.10 Eligibility for type certificate. 
(a) Any aircraft of the following classi

fications shall be issued a type certificate 
in the restricted category, if the Adminis
trator finds that no feature or character
istic of the aircraft renders it unsafe when 
operated in accordance with the limitations 
prescribed for its intended use: 

(1) An aircraft type which has not pre
viously been type certificated but which is 
shown by the applicant to comply with all 
of the airworthiness requirements of any 
other aircraft category prescribed in this 
subchapter, except those requirements which 
the Administrator finds inappropriate for the 
special purpose for which the aircraft is to be 
used; or 

(2) An aircraft type which has been 
manufactured in accordance with the re
quirements of, and accepted for use by, a 
United States military service and subse
quently modified for a special purpose, whether 
or not such aircraft has been issued a type 
certificate under the provisions of Part 9 of this 
chapter. 

(b) A modification of a type certificate 
may be issued to an applicant for an aircraft 
which has been previously type certificated 
in another category and then modified for 
a special purpose when, upon inspection, the 

(Rev. 2/23/54) 
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Administrator finds that the modifications 
conform to a good aeronautical practice and 
that no feature or characteristic of the air
craft renders it unsafe when operated in 
accordance with the limitations prescribed 
for its intended use. 
8.10-1 Aircraft of a type not previously 

type certificated (CAA policies -which apply 
to sec. 8.10 (a) (1)). The following policies 
apply to the certification of new design re
stricted category aircraft which have not been 
type certificated or accepted for use by a 
United States military service. 

(a) The applicant should submit an appli
cation for type certificate, Form ACA-312, in 
duplicate, to the appropriate C A A Regional 
Office, applying for a type certificate under this 
part. The C A A will issue a type certificate 
after the aircraft has been shown to comply 
with appropriate airworthiness requirements. 

(b) To establish the appropriate airworthi
ness requirements, the applicant may submit a 
proposal to the C A A Regional Office, Aircraft 
Division, in which he selects the airworthiness 
requirements of one of the standard categories 
(e. g., Normal or Utility in Part 3) as a basis, 
and indicates any requirements which he con
siders should be waived or modified for the 
special purpose involved. After examination 
of the applicant's proposal, the CAA will 
advise him of its acceptance as a basis for show
ing compliance, or specify the requirements 
which the C A A finds appropriate. 

(c) In selecting and showing compliance 
with the appropriate airworthiness require
ments the applicant may use as a guide, the 
information contained in Appendix B to this 
part, entitled "Airworthiness Criteria for Agri
cultural and Similar Special Purpose Aircraft." 

PUBLISHED IN 15 F . R. 9225, DECEMBER 23 , 1950, 
EFFECTIVE JANUARY 1, 1951; AMENDED IN 16 F. R. 10114, 
OCTOBER 4, 1951, EFFECTIVE NOVEMBER 15, 1951. 

8.10-2 Military type aircraft (CAA policies 
which apply to sec. 8.10 (a) (2)). For certifi
cation in the restricted category, military air
craft are divided into three classes: 

(a) Military aircraft models previously type 
certificated in the limited category under Part 9. 

(1) For such aircraft, the certification pro
cedure will be that specified in section 8.10-3. 

(2) A list of military models that have 
been previously type certificated in the limited 
category is given in CAA Safety Regulation 
Release No. 277, "Status of Aircraft Certifi
cated in the Limited Category." 

(3) Compliance with the military tech
nical orders listed on the CAA aircraft speci
fications will not be mandatory; however, the 
applicant should review the changes specified 
in these orders to determine if they are appro
priate for the particular airplane and special 
purpose. 

(b) Military aircraft models previously type 
certificated under Part 4a. 

(1) Some military aircraft have been type 
certificated under Part 4a on the basis of re
quired "conversion modifications" which are 
listed on the pertinent C A A aircraft specifica
tion. Such modifications will not be manda
tory for certification under Part 8; however, 
the applicant should review the conversion mod
ifications listed on the aircraft specification 
to determine if they are appropriate to the 
particular aircraft and special purpose. 

(2) For such aircraft the certification pro
cedure will be that specified in section 8.10-3. 

(3) A listing of these military aircraft 
models is given in the C AA "Alphabetical List 
of Aircraft Specifications" which is included 
in the files of CAA Regional and District 
Offices, Aviation Safety Agents and Designated 
Aircraft Maintenance Inspectors. 

(c) Military aircraft models not previously 
type certificated in any category. For mili
tary aircraft not covered by paragraphs (a) 
and (b) of this section, the certification pro
cedure will be that specified in section 8.10-3 
upon completing the following initial steps: 

(1) The applicant should first submit a 
letter to the CAA, Aircraft Division, Washing
ton 25, D. C, identifying the military model 
and the proposed special purpose, and request
ing certification under Part 8. 

(2) The CAA will check the military rec
ord of the aircraft type. If the record discloses 
unsafe characteristics, the C A A will inform 
the applicant of these, and the aircraft will not 
be eligible for certification unless they are cor
rected or can be compensated by operating re
strictions. If the military record is considered 

(Rev. 2/23/54} 
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satisfactory, the applicant will be so informed, 
and a type certificate issued for the basic type. 
The certification procedure will then continue 

as specified in section 8.10-3. 
Published in 15 F. R. 9225, December 23, 1950, 

effective January 1, 1951. 
8.10-3 Aircraft modified from a preciously 

approved type ( C A A policies which apply to 
sec. 8.10 {b)). Under the provisions of sections 
8.10 (b) and 8.20 (a), a modification to the 
type certificate must be issued for an aircraft 
which has been previously type certificated in 
another category and then modified for a special 
purpose, in order to make the aircraft eligible 
for an airworthiness certificate in the restricted 
category. A modification of the type certificate 
will be issued by means of Repair and Alteration 
Form ACA-337 upon completion of the proce
dure specified in paragraphs (a) through (f) of 
this section. 
The term "another category", as used in sec

tion. 8.10 (b), includes normal, utility, acrobatic, 
transport or limited categories, under Parts 3, 
4a, 4b, 6 or 9 but does not include experimental. 
For aircraft previously certificated in the re
stricted category, see section 8.0-2. 

(a) Classes oj -modifications. Since modifi
cations may vary in scope from minor altera
tions to complete redesign of major components, 
the basis for determining the airworthiness of 
a modified aircraft will depend upon the nature 
and extent of the modification. For this pur
pose, modifications are divided into two classes: 

(1) Visual basis modifications. Modifica
tions in this class are those for which airworthi
ness can be determined by visual examination, 
using as guides the original design of the air
craft and available information on modification 
practices. (See sec. 8.10—i.) 
The procedure for this class is given in para

graphs (b) through (f) of this section. The 
submittal of technical data, such as drawings 
and stress analysis, is not required: however, 
for some modifications of this class it may be 
desirable to obtain engineering advice. 
Examples of this class are: 

(i) The removal of a diagonal from a 
lower fuselage bay and substitution of equiva
lent bracing, installation of a hopper, and in
crease of engine weight and power, using infor
mation referenced in section 8.10—4 as a guide. 

CAM 8 AIRCRAFT AIRWORTHINESS RESTRICTED CATEGORY 
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(ii) Reduction in span of a strut braced 
monoplane. In this case engineering advice 
should be obtained, since the loads in the wings 
spars may or may not be seriously changed, 
depending on the relative location of the strut 
attachment point in the original and modified 
designs. In such cases, the CAA will furnish 
technical assistance upon request by the 
applicant. 

(2) Design requirement modifications. 
Some modifications may be so extensive that 
the original design of the aircraft and avail
able information on modification practices no 
longer furnish a suitable basis for determining 
airworthiness. 
An example is the conversion of a monoplane 

to a biplane, in which case the original design 
does not furnish an adequate basis of compari
son for judging the structural strength of the 
new lift truss. 
The airworthiness of this class of modifica

tions should be determined in accordance with 
the applicable parts of the airworthiness re
quirements for new design aircraft, as specified 
in section 8.10-1 (b) or (c). Technical data or 
other proof of compliance should be submitted 
in accordance with those requirements. 

(b) Application. The applicant should ap
ply to a C A A Aviation Safety District Office, 
C A A Aviation Safety Agent, or a Designated 
Aircraft Maintenance Inspector (DAMI) who 
has been specifically authorized to perform re
stricted category certification, and request certi
fication of the modified aircraft in the restricted 
category. The following documents should be, 
submitted by the applicant. 

(1) Duplicate copies of Repair and Alter
ation Form ACA-337. (See par. (d) of this 
section.) These forms are prepared by the 
agency performing the modification. 

(2) Application for Airworthiness Certifi
cate and/or Annual Inspection of an Aircraft 
Form ACA-305. (See sec. 8.20-1 (a).) These 
forms are obtainable from all C A A Regional 
and District Offices and DAMI's. The appli
cant may consult with C A A or proceed with 
the modification prior to making formal appli
cation. 

(c) PerformaTice of modification. The mod
ification to the aircraft should be performed 
by or under the supervision of an authorized 
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agency (i. e., a certificated mechanic, or ap
proved repair station having the proper ratings, 
or the manufacturer of the aircraft) as specified 
by section 1 8 . 1 0 . Information for guidance in 
performing modifications is referenced in sec
tions 8 . 1 0 - 4 and 8 . 1 0 - 5 . 

(d) Form, ACA-387. Two copies of Repair 
and Alteration Form A C A - 3 3 7 should be pre
pared by the agency performing the modifica
tion, in accordance with the following: 

( 1 ) Under Item 8 of Form A C A - 3 3 7 , state 
that the aircraft has been modified in accord
ance with Part 8 and briefly describe the modi
fications which have been made to the aircraft 
from its previously approved configuration. 
Examples of this entry are given in section 
8 . 2 0 - 3 (b) ( 2 ) (ii). 

( 2 ) It is not required that the aircraft 
empty weight, empty center of gravity or use
ful load be listed under item 4 of Form ACA-
3 3 7 ; however, if this information is being vol
untarily maintained by the aircraft owner it 
mav be entered in this space. (See sees, 8 . 1 0 - 4 
(b)'and (c).) 

( 3 ) When the flight check specified in para
graph (e) has been completed, it should be 
recorded on the back of Form A C A - 3 3 7 . 

(e) Flight check. 
( 1 ) The applicant should have the modi

fied aircraft flight checked by a certificated pilot 
holding at least a private pilot rating to deter
mine that it is safely controllable and operates 
satisfactorily in flight under the most adverse 
loading conditions anticipated in service. (See 
sees. 8 . 1 0 - 4 (b) and (c)). For agricultural 
aircraft, the hoppers or tanks should be loaded 
to the maximum weights selected by the appli
cant and discharged in flight. For other air
craft, flight checks should be made with the 
special purpose loads, such as equipment (or 
equivalent weights), installed, and with such 
loads removed, if the aircraft is intended to be 
operated in that condition. The maximum ca
pacity weights should be approached in stages, 
if there is any doubt concerning the controlla
bility or performance of the airplane. 

( 2 ) The takeoff should be made from a 
field of ample size or over suitable open terrain. 
The flight check should include maneuvers sim
ulating the intended special purposes opera
tions. The maneuvers should first be per

formed at a safe altitude over open terrain. 
Any undue tendency to go into a stall or dive 
(instability) or to roll should be, considered 
unsatisfactory, 

( 3 ) Upon completion of a satisfactory 
flight check, the following entry should be made 
on the back of Form A C A - 3 3 7 and signed by 
the pilot who performed the flight check: 

Modified aircraft flight checked on 
(Date) 

by 
(Name) (Pilot certificate number) 

in accordance with C A M 8 . 1 0 - 3 (e) and found 
to be safely controllable and to operate satis
factorily with the following special purpose 
load: pounds. 

( 4 ) Entries similar to those specified in 
subparagraph ( 3 ) of this paragraph should also 
be made in the aircraft logbook, 

(f) Inspection of modifications. A C A A 
Agent, or a D A M I specifically authorized to 
perform this function, will visually inspect the 
aircraft modifications for the following, using 
the information referenced in section 8 . 1 0 - 4 as a 
guide: 

(1) Good aeronautical practice in respect 
to materials, techniques, and workmanship. 

( 2 ) Obvious unsafe features or hazards, of 
which the following are examples: 

(i) Structure. Removal of structural 
members or material without adequate reinforc
ing; attachment or heavy loads to members at 
improper points. 

(ii) Fire and toxicity. Improper loca
tion, construction or installation of hoppers, 
tanks, discharge devices, flammable fluid lines, 
pumps, and connections; lack of ventilation, 
drainage, and cleaning provisions; special fire 
prevention features if the aircraft is to be used 
for sulfur dusting; otherwise such operations 
will be restricted by operating limitations. 
(See sec. 8 . 3 0 - 1 (b) ( 2 ) (i)). 

(iii) Crash hazards. Inadequate attach
ment of seats and safety belts; tanks or hoppers 
located aft of pilot and not adequately sup
ported for forward acting inertia loads. 

(iv) Vision. Any appreciable reduction 
in angles of vision. 

(g) Approval of modified type aircraft. Upon 
satisfactory completion of items (b) through (f), 
the Forms A C A - 3 3 7 will be checked "ap
proved." The original copy of the Form A C A -

(Rev. 2 / 2 3 / 5 4 ) 
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337 will be returned to the aircraft owner for 
inclusion in the aircraft's records, and will con
stitute the modification of the type certificate 
required in section 8.10 (b). 

T h e agent or designee wilt also inspect the 
entire aircraft for general airworthiness con
dition, issue an airworthiness certificate, and 
prescribe the operating limitations in accord
ance with sections 8.20-1 and 8.30-1. 

(b) Approval of alternate installations. A p 
proval of alternate installations (e. g. hopper 
or tank) m a y be obtained on the s a m e F o r m 
A C A - 3 3 7 , provided both are described and 
meet the requirements for approval. 

(i) Additional modified aircraft. After the 
first modified type aircraft has been approved 
in accordance with paragraph (g) of this sec
tion, additional aircraft of the s a m e type m a y 
be approved on the basis of conformity with 
the original, without requiring the complete 
flight check speed specified in paragraph (f) of 
this section. T h e following entry should be 
m a d e at the end of item 7 of the F o r m s A C A -
337 for the additional aircraft: 

These modifications are the s a m e as de
scribed on approved F o r m A C A - 3 3 7 , dated 

for 
(CAA Registration MaA ol orginal approved aircraft) 

Published in 15 F. R. 9226, December 23, 1950, 
effective January 1, 1951; amended in 19 F. R. 1791, 
April 1, 19S4, effective April 30, 1954. 

8.10-4 Agricultural aircraft modifications 
{CAA policies which apply to sec. 8.10 (b)). 

(a) General. This section applies to air
craft used for agricultural and similar special 
purpose operations which are normally con
ducted over open areas. 

Information for the guidance of operators in 
modifying and operating aircraft for agricul
tural purposes is given in C A M 8, Appendix A. 
Compliance with this guide material is not re
quired to obtain approval of a modified air
craft; however, precautions should be taken to 
avoid hazards such as those listed in section 
8.10-3 (f). Sections 18.30-1 through 18.30-17, 
manufacturer's bulletins, military manuals, in
dustry specifications, and previous satisfactory 
modifications m a y also be used as guides in 
modifying aircraft. 

CAM 8 AIRCRAFT AIBWORTHINESS BESTRICTED CATEGORY 
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T h e C A A will, upon request, furnish con
sulting service on the safety aspects of aircraft 
modifications and installations. 

(b) Maximum weight. 
(1) It is not required that a m a x i m u m 

(total) weight be established as an operating 
limitation for agricultural aircraft. In lieu 
thereof m a x i m u m weights for the special pur
pose loads (e. g., hopper or tank capacities) 
should be selected b y the applicant and d e m o n 
strated in the flight check in accordance with 
section 8.10-3 (e). 

(i) These m a x i m u m capacities (weights) 
for the hoppers or tanks should be listed o n 
placards on or adjacent to the appropriate filler 
covers. 

(ii) If subsequent modifications change 
the aircraft weight or balance appreciably, or 
the operator desires to increase the special pur
pose loads, the flight check specified in sections 
8.10-3 (e) (1) and (2) should be conducted 
with the revised loadings. H o p p e r or spray 
tank placards m a y be revised accordingly. T h e 
flight check should be recorded in the aircraft 
logbook as specified in section 8.10-3 (e) (4). 
F o r m A C A - 3 3 7 is not required to be submitted 
w h e n the special purpose load is changed with
out modification of the aircraft. 

(iii) W h e n a previously certificated agri
cultural aircraft is recertificated under Part 8 
without changing the aircraft (see sees. 8.0—2 
(b) and 8.0-3 (b)), the placard capacities 
m a y be determined b y calculation from the pre
vious "useful load" data, without flight check. 

(2) U n d e r the aircraft operating limita
tions, the operator is responsible for adjusting 
the actual operating weight to provide a safe 
margin of performance for the existing flight 
conditions. (See sec. 8.30-1.) Appendix 
A contains information from which the effects 
of drag, weight, altitude, and temperature o n 
aircraft performance m a y be estimated. 

(3) A n y increase in m a x i m u m weight will, 
of course, impose higher loads on the aircraft 
structure. T h e extent to which the weight m a y 
be safely increased will depend on the m a n e u 
vers and speeds used in the special purpose 
operations and the strength requirements to 
which the aircraft w a s originally designed. In
formation on the strength requirements to 
which a previously type certificated aircraft w a s 
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originally designed may usually be obtained 
from the CAA. 
(c) Center of gravity. 
(1) A weight and balance report is not re

quired to be submitted. However, to prevent 
possible dangerous flight characteristics, it is 
recommended that the modification be planned 
so as to avoid excessive change in center of 
gravity. Information on this subject is given 
in Appendix A and in section 18.30-16. 

(2) One purpose of the flight check speci
fied in section 8.10-3 (e) is to determine that 
the aircraft is safely controllable at the most 
foward and most aft loading conditions antici
pated in service. For agricultural aircraft 
this may usually be accomplished by conducting 
the flight check with maximum and minimum 
fuel loads intended to be carried in combination 
with the corresponding hopper or spray tank 
loads. For large aircraft, or those with more 
complicated arrangements of the variable loads, 
weight and balance calculations should be made 
to determine critical combinations for the flight 
check. 

(d) Powerplant modifications. 
(1) It is recommended that CAA type cer

tificated or military approved aircraft engines 
and propellers be installed, and that a propeller 
stress survey be made for all metal propeller-
engine combinations which have not been pre
viously surveyed to determine the existence of 
dangerous vibration ranges. 

(2) If the recommendations in (1) are not 
followed, the aircraft operating limitations will 
state that the aircraft shall not be operated over 
congested areas and is not eligible for a waiver 
to conduct such operations. (See sees. 8.30—1 
and 8.31-1.) 

(3) Information for guidance in making 
engine installations is given in C A M 8, Appen
dix A. 

Published in 15 F. R. 9227, December 23, 1950, 
effective January 1, 1951; amended in 19 F. R. 1791, 
April 1, 1954, effective April 30, 1954. 

8.10-5 Advertising aircraft modifications 
(CAA policies which apply to sec. 8.10 (b)). 
Since aerial advertising operations are normally 
conducted over congested areas, for which a cer
tificate of waiver or authorization would be 
required under the provisions of sections 8.31 
and 8.31-1, it is important that high standards 

for powerplant reliability, structural integrity, 
and safe flight characteristics be maintained in 
modifying aircraft for such purposes. 

Published in 15 F. R. 9227, December 23, 1950, 
effective January 1, 1951. 

8.20 Eligibility for airworthiness certifi
cate. An aircraft shall be issued an air
worthiness certificate in the restricted cate
gory if it complies with all of the following 
provisions: 

(a) The aircraft is type certificated under 
the provisions of section 8.10 (a), or modified 
under the provisions of section 8.10 (b); 

(b) The aircraft has been inspected by the 
Administrator and found by him to be in a 
good state of preservation and repair and in 
a condition for safe operation; and 

(c) The Administrator has prescribed oper
ating limitations for the aircraft in accordance 
with section 8.30. 
8.20-1 Issuance of airworthiness certificates 

for aircrajt modified from a previously approved 
type (CAA policies which apply to sec. 8.20 (b)). 
The following procedure applies to aircraft 
which have been modified from a previously 
approved type or a military type under the 
provisions of sections 8.10 (b) or 8.10 (a) (2), 
and 8.10-3: 

(a) Procedure to be followed by applicant. 
The applicant should make application for a 
restricted category certificate of airworthiness 
on Form ACA-305, entitled "Application for 
Airworthiness Certificate and/or Annual In
spection of an Aircraft." This form is obtain
able from all C A A Regional and District Of
fices, and Designated Aircraft Maintenance In
spectors (DAMI's). It is suggested that the 
applicant discuss the entries required to com
plete the form with an Aviation Safety Agent, 
or a D A M I authorized to perform restricted 
category certification, at the time the form is 
secured. 

Normally, restricted category certificates will 
be issued by a C A A aviation safety agent; how
ever, the Administrator may authorize DAMI's 
who are especially experienced with restricted 
category aircraft to issue restricted category 
airworthiness certificates. In order that appli
cations may be processed expeditiously, they 
should be directed to the local aviation safety 

(Rev. 2/23/54) 
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district office, unless the applicant knows of 
a D A M I who has been given specific authority 
to issue restricted category airworthiness cer
tificates. 

(b) Inspection for state of preservation and 
repair. 

(1) Inspection. In addition to the inspec
tion of the modification referred to in section 
8.10-3 (f), the CAA representative will make 
an inspection for determining the state of 
preservation and repair, approximating the 
scope of a periodic inspection. (See instruc
tion items 3 through 11 contained on the reverse 
side of Form ACA-319 (revised 11-49) for the 
scope of a periodic inspection.) Form A C A -
319, entitled, "Periodic Aircraft Inspection 
Report," is obtainable from any CAA District 
Office or Regional Office, or C A A representative. 

(2) Airworthiness directives. Compliance 
with C A A airworthiness directives issued for 
the basic (unmodified) type will not be manda
tory for aircraft certificated under Part 8. 
However, the owner should review these air
worthiness directives to determine if they are 
applicable to the modified aircraft and special 
purpose involved. The C A A representative 
may use the airworthiness directives as a guide 
and will not approve the aircraft if he finds that 
an unairworthy condition actually exists at 
the time of the inspection. 

(3) Aircraft identification marks. In ac
cordance with the provisions of sections 1.101 
through 1.108, all restricted category aircraft 
must display aircraft identification marks 
which comply with the following". 

(i) The word "restricted" must be prom
inently displayed near each entrance to the 
cabin or cockpit. 

(ii) If the symbol "R" appears in the 
aircraft identification marks, it need not be 
removed until the aircraft is refinished; except 
that such symbol must be removed from air
craft operating outside the United States after 
December 31, 1950. 

(iii) If the aircraft was previously cer
tificated in another category and bears the 
symbol "C," "X," or "L" in the identification 
marks, such symbol must be removed prior to 
certification in the restricted category. In such 

cases it will not be necessary to relocate the 
remaining symbols or numbers. 

Published in 15 F. R. 9227, December 23, 1950, 
effective January 1, 1951; amended in 19 F. R. 1791, 
April 1, 1954, effective April 30, 1954. 

8.20-2 Issuance of airworthiness certificates 
for aircraft manufactured under a restricted 
category type certificate (CAA policies which 
apply to sec. 8.20 (&)). An airworthiness 
certificate will be issued for an aircraft manu
factured under a restricted category type cer
tificate (for example, a new design type certifi
cated under the provisions of sections 8.10 (a) 
(1) and 8.10-1 when the following procedure 
is completed. 

(a) For aircraft manufactured under a type 
certificate only. 

(1) An application for an airworthiness 
certificate is made on Form ACA-305. 

(2) A statement of conformity, Form 
ACA-317, signed by the manufacturer, is sub
mitted with the application. 

(3) A representative of the Administrator 
has inspected the aircraft and finds that it con
forms to the type design and is in condition for 
safe operation. 

(b) For aircraft manufactured under a pro
duction certificate: The procedure will be as 
specified in paragraph (a) of this section, 
except that a statement of conformity is not 
required, and the conformity inspection may be 
omitted. 

Published in 15 F. R. 92?7, December 23, 1950, 
effective January 1, 1951. 

8.20-3 Repairs and alterations (CAA pol
icies which apply to sec. 8.20 (h)). The pro
cedures specified in this section apply to repairs 
and alterations which are made subsequent to 
the original certification of an aircraft in the 
restricted category under Part 8. For re
stricted category aircraft which have not been 
recertificated under Part 8 (see sec. 8.0-2 (a)) 
repairs and alterations should continue to be 
accomplished in accordance with Part 18 
including the Administrator's policies and 
in terpretations. 
For aircraft which have been issued a multiple 

airworthiness certificate under the provisions 
of section 8.21, repairs and alterations should be 
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accomplished in accordance with section 8.21 1 

(a) Owner's procedure. It is the responsi
bility of the aircraft owner, or his agent, to 
assure that all mechanical work, other than 
routine maintenance, is performed by or under 
the supervision of an authorized agency (i. e., 
a certificated mechanic or approved repair sta
tion having the proper ratings, or the manu
facturer of the aircraft) as specified in section 
18.10, and in accordance with this manual. 
Prior to returning the aircraft to service, the 

owner should determine that the repairing or 
altering agency has completed the record of 
such repairs and/or alterations in the appro
priate aircraft or engine records in accordance, 
with section 43.23, and that a flight check has 
been made, if applicable. (See sec. 8.20-3 (b) 
(2) (iii).) 

(bj Repair agency procedure. A repair 
agency (i. e., a certificated mechanic, approved 
repair station, or the manufacturer of the air
craft) should be guided by the following when 
accomplishing repairs and/or alterations to an 
aircraft certificated in the restricted category 
under Part 8: 

(1) Good practices. All repairs and/or al
terations should be made in accordance with 
good aeronautical practice. The Administra
tor's policies and interpretations in Civil Aero
nautics Manual 18 describe in detail the opera
tions which the Administrator of Civil Aero
nautics considers to be routine maintenance, 
minor and major repairs, and minor and major 
alteration. They set forth in detail repair 
methods, techniques, and practices which the 
Administrator has found acceptable. Sections 
8,10-4 and 8.10-5, Appendix A to C A M 8, and 
other publications such as Army-Navy specifi
cations, maintenance manuals for military air
craft, and recognized industry specifications are 
also acceptable guides to good aeronautical 
practice. 

(2) Major repairs and alterations. 
(i) Technical data. The repair agency 

should prepare Form ACA-337 as specified in 
subdivision (ii) of this subparagraph. It is re
sponsible for determining that the repair 
and/or alteration is airworthy in accordance 
with good aeronautical practices. 

(ii) Form ACASS7. Repair agencies 
should complete Form ACA-337, Repair and 
Alteration Form, for every major repair and/or 
alteration. Form ACA-337 should be com
pleted in accordance with the instructions con
tained on the reverse, except that item 4 (weight 
and balance) need not be completed unless this 
information is voluntarily being maintained by 
the aircraft owner. (See sees. 8.10̂ £ (b) 
and (c).) 
The repair agency should insert under item 

8 a narrative description of the repair and/or 
alteration. The first statement under item 8 
should indicate that the repair or alteration has 
been made under the provisions of Part 8. It 
is not necessary to include details in the descrip
tion such as method of attachment, size and 
gauges of material, etc., since these items will 
be visually inspected when the aircraft is ex
amined and approved. If the repair agency 
finds it easier, or preferable, to describe the re
pair and/or alteration by the use of photo
graphs or sketches, these may be used to 
supplement the narrative description. If 
equipment shown on C A A Aircraft Specifica
tions (e. g. a spray kit) is installed, it may be 
identified by the specification and item number. 
Standard repairs such as a spar splice which has 
been made in accordance with the Administra
tor's policies and interpretations in C A M 18 
may be described by reference to the appropriate 
figure contained in the Administrator's policies 
and interpretations in C A M 18. 
For example, a typical statement might read 

as follows: 
The repair described below to this duster air

craft has been accomplished under the provi
sions of Part 8, the welding and longeron 
splicing have been made in accordance with 
figures (continue with descrip
tion of repair). 

(iii) Flight check. Whenever a repair 
or alteration is likely to adversely affect the 
weight and balance, or flight characteristics 
(see sec. 8.10-4 (b) and (c)), the repair agency 
should advise the owner to conduct a flight 
check as specified in section 8.10-3 (e). Hopper 
and tank capacity (weight) placards and other 
special purpose weights may be changed on 
the basis of the flight check, as specified in 
section 8.10̂ 1 (b). 
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(c) Approval of major repairs and altera
tions performed by certificated mechanics. 
Major repairs anoVor alterations accomplished 
by certificated mechanics should be inspected, 
examined, and approved by an authorized rep
resentative of the Administrator prior to re
turning the aircraft to service. 

(1) Major repairs which have been ac
complished in accordance with a manual or spec
ification approval by the Administrator may be 
submitted to either a D A M I or a C A A agent for 
inspection and approval. 

(2) All major alterations, and those major 
repairs not made in accordance with a manual 
or specification approved by the Administrator, 
should be submitted only to a C A A aviation 
safety agent or to a D A M I who has been spe
cifically authorized to perform restricted cate
gory certification for inspection and approval. 

(3) It is suggested that mechanics making 
major repairs and/or alterations notify the 
CAA agent or D A M I as far in advance of the 
anticipated completion date as possible, in order 
that he may make the necessary arrangements 
to conduct the airworthiness inspection. 

(4) The aircraft should be presented in 
condition for inspection, that is, all work should 
be completed, the appropriate cowling and in
spection plates should be removed, and the parts 
or installations to be inspected cleaned and vis
ible for inspection. All aircraft and engine 
logbook entries should have been completed, 
the Repair and Alteration Form ACA-337, 
executed, and the flight check accomplished, if 
applicable. 

(d) Approval of major repairs and altera
tions performed by manufacturers and approved 
repair stations. 

(1) Manufacturers of the aircraft and ap
proved repair stations may return aircraft to 
service after major repairs and/or alterations 
without prior inspection and approval of the 
CAA, provided that: 

(i) Repairs and alterations are per-
foimed in accordance with good aeronautical 
practice as defined in this manual. (See sees. 
8.10-4, 8.10-5, and 8.20-3 (b) (1).) 

(ii) Major alterations are in the class 
for which airworthiness can be determined by 
visual examination. (See sec. 8.10-3 (a).) 

(iii) Major alterations are examined to 
determine that they do not result in unsafe 
features or hazards. (See sec. 8.10-3 (f).) 

(iv) A satisfactory flight check has been 
accomplished, if applicable. (See sec. 820-3 
(b) (2) (iii).) 

(2) Major alterations in the design re
quirement modification class (see sec. 8-10-3 
(a) (2)) should be approved by the C A A prior 
to returning the aircraft to service. 

(3) When the Repair and Alteration Form 
ACA-337 has been completed in accordance 
with section 8,20-3 (b) (2) (ii) and the re
quired logbook entries made, the original copy 
of the Form ACA-337 should be given to the 
owner of the aircraft and made part of the 
official aircraft record. The copy of Form 
ACA-337 should be forwared to the nearest 
C A A Aviation Safety District Office in accord
ance with the instructions contained on the 
reverse of the form. 

Published 15 F. R. 9227, December 23, 1950, effective 
January 1, 1951; amended in 17 F. R. 11737, December 
25, 1952, effective December 25, 1952; amended 19 
F. R. 1791, April 1, 1954, effective April 30, 1954. 

8.21 Multiple airworthiness certification. 
(a) An aircraft shall be issued an air

worthiness certificate in the restricted cate
gory and in any one or more of the other air
worthiness categories prescribed in this sub
chapter, if the applicant shows compliance with 
the requirements for each category when the 
aircraft is in the configuration for that category 
and if the aircraft can be converted from one 
category to another by removal or addition 
of equipment by simple mechanical means. 

(b) Any aircraft certificated in the restricted 
and any other category shall be inspected and 
approved by an authorized representative of 
the Administrator, or by a certificated me
chanic with an appropriate airframe rating, to 
determine airworthiness each time the air
craft is converted from the restricted category 
to another category for the carriage of passen
gers for compensation or hire, unless the 
Administrator finds this unnecessary for safety 
in a particular case. 
8.21-1 Multiple airworthiness certification 

(CAA policies which apply to sec. 8.21). Since 
the operating limitations for the restricted 
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category differ from those of other categories 
(e. g., in respect to maximum weights and 
the carriage of passengers) an owner may de
sire multiple airworthiness certification in 
the restricted and other categories in order to 
avoid the need for revising the airworthiness 
certification documents each time the aircraft 
is converted from one category to another. 
The following procedure applies to multiple 
certification: 

(a) Eligibility of aircraft. An aircraft will 
be eligible for multiple airworthiness certifica
tion in the restricted category and another 
(passenger-carrying) category when: 

(1) The aircraft complies with the re
quirements for a normal, utility, acrobatic, 
transport or limited category aircraft under 
Parts 3, 4a, 4b, 6, or 9 when in the appropriate 
configuration. This configuration may include 
alterations from the basic type (e. g., to accom
modate the subsequent installation of special 
purpose equipment), provided these alterations 
are accomplished and approved in accordance 
with Part 18. This configuration will be called 
the "standard" configuration for the aircraft. 

(2) The aircraft is shown to comply with 
the requirements for the restricted category in 
accordance with section 8.10-3 when in the re
stricted category configuration. 

(3) The aircraft can be converted from one 
category to another by the addition or removal 
of equipment by simple mechanical means 
within the scope of a minor alteration. Exam
ples of minor alterations are given in section 
18.1-4. 
(b) Application. An applicant for multiple 

airworthiness certification should make appli
cation for such certificate on Form ACA-305, 
entitled, "Application for Airworthiness Cer
tificate and/or Annual Inspection of Aircraft." 
This form is available at all C A A aviation 
safety district and regional offices. It is sug
gested that the applicant discuss the require
ments and information that must be submitted 
with the application at the time the form is 
secured. The completed application form 
should be submitted to the local aviation safety 
district office. 

(c) Information to be submitted with appli
cation. The applicant for multiple certifica

tion should submit with the application form 
the following information: 

(1) Form ACA-337. Duplicate copies of 
Repair and Alteration Form ACA-337 should 
be prepared by the repair agency. The altera
tions should be listed under two headings as 
follows: 

(i) Standard configuration—the altera
tions to the basic type and the equipment which 
will remain in the aircraft in this configuration. 
This portion of the form should be executed in 
accordance with Civil Aeronautics Manual 18, 
Appendix A. 

(ii) Restricted configuration—descrip
tion of restricted category equipment and rec
ord of flight check, as specified in section 
8.10-3 (d). 

(2) Conversion instructions. Detailed step 
by step instructions should be prepared covering 
the installation and removal of the components 
or equipment required for each category in 
which certification is being sought. 

(d) Issuance of multiple airworthiness cer
tificates. 

(1) CAA inspection. Upon receipt of the 
information specified in paragraph (c) of this 
section, the C A A agent will inspect the aircraft 
as follows: 

(i) For the standard configuration, the 
inspection will cover conformity with the perti
nent C AA aircraft specifications and airworthi
ness directives, compliance with Part 18 and the 
Administrator's policies and interpretations in 
C A M 18 for any alterations included in this 
configuration, and general airworthiness (i. e., 
state of preservation and repair). 

(ii) For the restricted configuration, the 
restricted category installations will be in
spected in accordance with section 8.10-3 (f). 

(iii) The Repair and Alteration Form 
ACA-337 and the instructions for conversion 
will be examined for completeness. The agent, 
at his discretion, may require the applicant to 
demonstrate that the aircraft can be converted 
from one category to the other by simple me
chanical means in accordance with the conver
sion instructions specified in paragraph (c) (2) 
of this section. 

(2) Identification marks. Aircraft issued 
multiple airworthiness certificates are required 
to display identification and airworthiness 
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classification marks prescribed by section 1 . 1 0 1 
through 1 . 1 0 8 of this part. If the aircraft bears 
the symbol "C" or "R" following the nationality 
symbol "X" in the identification marks, the sym
bol "C" or "R" should be removed prior to 
multiple airworthiness certification. When re
stricted category operations are being con
ducted, the airworthiness classification mark, 
"Restricted" should be displayed at each en
trance to the eoekpit or cabin. 
When the aircraft is operated in the standard 

(passenger-carrying) category, the airworthi
ness classification mark "Restricted" should be 
removed. In order to facilitate installation 
and removal of this mark, it may be a separate 
placard fastened in place by bolts, or by any 
other method of attachment that is easily in
stalled or removed. The installation and re
moval of this airworthiness classification mark 
should be incorporated in the detailed conver
sion instructions described in section 8 . 2 1 - 1 
(c) ( 2 ) . 

( 3 ) Airworthiness documents. Upon com
pletion of the inspection, and when the agent 
finds the aircraft conforms to the requirements 
for multiple certification, he will issue a Certifi
cate of Airworthiness, Form A C A - 1 3 6 2 , pre
scribe the appropriate aircraft operating lim
itations, and attach to the latter the detailed 
conversion instructions. The original copy of 
the Form A C A - 3 3 7 will be returned to the 
owner for inclusion in the aircraft records. 

(e) Converting aircraft from one category to the 
other. Aircraft having multiple airworthiness 
certification should be converted from one 
category to the other in accordance with the 
approved conversion instructions and the fol
lowing : 

( 1 ) Nonrevenue operations. Any certifi
cated mechanic or pilot may convert the aircraft 
from one category to the other; provided, the 
aircraft does not carry passengers for compen
sation or hire. 

( 2 ) Carriage of passengers for compensation 
or hire. In order for an aircraft certificated in 
the multiple airworthiness classification to carry 
passengers for compensation or hire, the air
craft must, under the provisions of section 8 . 2 1 , 
be inspected by a certificated mechanic having 
an airframe mechanic rating or a representative 
of the Administrator, and found to be in air

worthy condition each time the aircraft is con
verted from the restricted category to a stand
ard (passenger-carrying) category, unless the 
aircraft operating limitations, described in sec
tion 8 . 3 4 - 1 , specifically state that such in
spection is not necessary. 

(i) Scope of inspection. The airworthi
ness inspection should be the equivalent of the 
inspection described in items 3 through 1 1 on 
the reverse side of the Periodic Aircraft In
spection Report, Form A C A - 3 1 9 (Revised 1 1 -
4 9 ) . The periodic aircraft inspection form may 
be used as an inspection guide; however, it is 
not mandatory. 

(ii) Recording of inspections. A record 
of each such inspection should be made in the 
aircraft record or logbook in accordance with 
section 4 3 . 2 3 (a). This entry should include 
a statement as to the airworthiness of the air
craft, which should be dated and signed by the 
mechanic or representative making the inspec
tion. A mechanic should include his certificate 
number following his signature, and a repre
sentative of the Administrator should place his 
designation identification and number follow
ing his signature. (For example, D A M I 
0 1 2 3 4 . ) 

It is the owner's responsibility to determine 
that the inspection and recording of the in
spection have been made prior to carrying pas
sengers for compensation or hire, 

(f) Repairs and alterations to aircraft issued 
multiple airworthiness certificates. 

( 1 ) All repairs and/or alterations to the 
standard configuration portion of the aircraft, 
including powerplant and propeller, must be 
accomplished in accordance with Part 1 8 and 
the Administrator's policies and interpretations 
in C A M 1 8 . 

( 2 ) All major repairs and /or alterations to 
aircraft certificated in multiple airworthiness 
classifications must be examined, inspected, and 
approved in accordance with section 1 8 . 1 1 . 

( 3 ) Repairs and/or alterations to any part 
of the removable equipment, not included in 
the aircraft in the standard configuration, may 
be handled in accordance with section 8 . 2 0 - 3 . 

(g) Application of airworthiness directives. 
Compliance with airworthiness directives issued 
by the C A A for the standard (passenger-carry
ing) category aircraft will be mandatory for all 
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AIRCRAFT CERTIFICATED IN THE MULTIPLE AIRWORTHI
NESS CLASSIFICATION, WITHOUT REGARD TO THE CATE
GORY IN WHICH THE AIRCRAFT IS BEING OPERATED. 

Published in 15 F. R. 9229, December 23, 1950, 
effective January 1, 1951; amended 19 F. R. 1791, 
April 1, 1954, effective Aprii 30, 1954. 

8 . 3 0 Operating limitations Administra
tor's authority to prescribe. IN ADDITION 
TO THE OPERATING LIMITATIONS SET FORTH IN SECTIONS 
8 . 3 1 THROUGH 8 . 3 4 , THE ADMINISTRATOR SHALL PRE
SCRIBE SUCH OPERATING LIMITATIONS AND RESTRIC
TIONS AS HE FINDS NECESSARY FOR SAFE OPERATION OF 
THE AIRCRAFT AND FOR THE PROTECTION OF THE PUBLIC.1 

1 Where the special purpose operations require deviation from the Air 
Traffic Roles in Part 60 of this chapter, a waiver of such rules mast be 
obtained from the Administrator in accordance witb the provisions of 
Part 60. 

8 . 3 0 - 1 Operating limitations (CAA policies 
which apply to sec. 8.30). 

(A) General. T H E SPECIAL PURPOSE OPERATIONS 
AUTHORIZED FOR THE AIRCRAFT AND THE OPERATING 
LIMITATIONS PRESCRIBED IN SECTION 8 . 3 0 WILL BE 
LISTED IN ACCORDANCE WITH THE RULES SET FORTH IN 
SECTION 4 3 . 1 0 - 1 OF THIS SUBCHAPTER. THE OPERAT
ING LIMITATIONS PRESCRIBED IN SECTIONS 8 . 3 1 
THROUGH 8 . 3 4 WILL ALSO BE LISTED AT THE TIME OF 
ISSUANCE OF THE AIRWORTHINESS CERTIFICATE, WHICH 
IS ISSUED BY A C A A REPRESENTATIVE, AS SPECIFIED 
IN SECTION 8 . 2 0 - 1 , AND CARRIED IN THE AIRCRAFT IN 
ACCORDANCE WITH SECTION 4 3 . 1 0 OF THIS SUBCHAPTER. 

( B ) Agricultural aircraft. T H E EXAMPLE OF 
OPERATING LIMITATIONS GIVEN IN SUBPARAGRAPH 
( 1 ) OF THIS PARAGRAPH, INDICATES THE SCOPE OF THE 
OPERATING LIMITATIONS WHICH MAY BE LISTED IN 
ACCORDANCE WITH SECTION 43 .10—1 OF THIS SUB
PARAGRAPH, FOR AN AIRCRAFT CERTIFICATED UNDER 
PART 8 AND INTENDED FOR AGRICULTURAL OPERATIONS, 
SUCH AS SPRAYING, DUSTING, SEEDING, AND PEST 
CONTROL. T H E C A A REPRESENTATIVE MAY MODIFY 
THESE OR PRESCRIBE ADDITIONAL AIRCRAFT LIMITATIONS 
IF HE FINDS THEY ARE NECESSARY FOR THE SAFE OPERA
TION OF THE AIRCRAFT AND PROTECTION OF THE PUBLIC. 

( 1 ) Example of operating limitations. THIS 
AIRCRAFT HAS BEEN CERTIFICATED UNDER THE PRO
VISIONS OF PART 8 AS A SPECIAL PURPOSE AGRICULTURAL 
AND PEST CONTROL AIRCRAFT. 

(I) THIS AIRCRAFT SHALL NOT BE OPERATED 
IN ANY MANNER WHICH WILL ENDANGER PUBLIC LIFE 
AND PROPERTY. THE OPERATOR SHALL ADJUST THE 
TAKEOFF WEIGHT TO PROVIDE A SAFE MARGIN OF PER
FORMANCE FOR THE EXISTING OPERATING CONDITIONS, 

CONSIDERING THE TAKEOFF AREA, ALTITUDE, TEMPERA
TURE, AND TERRAIN. FOR MAXIMUM CAPACITIES OF 
HOPPERS AND SPRAY TANKS SEE PLACARDS. 

NOTE.—These placards may be revised in accordance 
with section 8.10-4 (b). 

(II) MANEUVERS SHALL BE LIMITED TO THOSE 

NORMALLY PERFORMED IN AGRICULTURAL OPERATIONS. 

(III) AGRICULTURAL AND PEST CONTROL OPER
ATIONS SHALL NOT BE CONDUCTED OVER DENSELY P O P 
ULATED AREAS, IN CONGESTED AIR LANES, OR IN THE 
VICINITY OF BUSY AIRPORTS WHERE PASSENGER TRANS
PORT OPERATIONS ARE BEING CONDUCTED, UNLESS THE 
ADMINISTRATOR FINDS IT IN THE PUBLIC INTEREST TO 
AUTHORIZE SUCH OPERATION AND HAS ISSUED A CER
TIFICATE OF WAIVER OR AUTHORIZATION, FORM 
A C A - 6 6 3 , PERMITTING SUCH OPERATION. 

(IV) PERSONS AND CARGO SHALL NOT BE CAR
RIED FOR COMPENSATION OR HIRE. 

(V) PERSONS OTHER THAN THE M I N I M U M 
CREW NECESSARY FOR THE AGRICULTURAL OPERATIONS 
SHALL NOT BE CARRIED DURING THESE OPERATIONS. 

(VI) N O PERSON SHALL BE CARRIED IN THE 
AIRCRAFT UNLESS A SEAT AND SAFETY BELT, INSTALLED 
IN ACCORDANCE WITH GOOD AERONAUTICAL PRACTICE 
IS PROVIDED FOR HIS USE. 

( 2 ) Examples of additional limitations. 
EXAMPLES OF ADDITIONAL LIMITATIONS WHICH THE 
C A A REPRESENTATIVE MAY PRESCRIBE FOR SAFE OP
ERATION AND THE PROTECTION OF THE PUBLIC ARE; 

(I) A PROHIBITION AGAINST SULFUR DUST
ING, UNLESS SPECIAL FIRE PREVENTION MEASURES HAVE 
BEEN INCORPORATED IN THE AIRCRAFT. 

(II) A STATEMENT IN THE AREA OPERATING 
LIMITATIONS (SUBPAR. ( 1 ) (III) OF THIS PARAGRAPH) 
THAT THE AIRCRAFT IS NOT ELIGIBLE FOR A WAIVER 
TO OPERATE OVER CONGESTED AREAS BECAUSE OF U N 
CERTIFICATED POWERPLANT COMPONENTS. (SEE SEC. 
8 . 1 0 - 4 ( D ) . ) 

(III) RESTRICTED ENGINE SPEED (R. P . M . ) 
RANGES, IF A METAL PROPELLER STRESS SURVEY INDI
CATES THE NEED FOR SUCH RESTRICTIONS. 

(C) Aerial advertising aircraft. FOR SPECIAL 
PURPOSE OPERATIONS SUCH AS BANNER TOWING, SKY
WRITING, AND SIMILAR OPERATIONS NORMALLY CON
DUCTED OVER POPULATED AREAS, AIRCRAFT LIMITA
TIONS, SUCH AS WEIGHT, AIRSPEED AND ENGINE LIM
ITS, WILL BE PRESCRIBED AND WILL BE ESSENTIALLY THE 
SAME AS THOSE ESTABLISHED UNDER THE AIRWORTHI
NESS REQUIREMENTS FOR THE BASIC TYPE, UNLESS THE 
NATURE OF THE SPECIAL PURPOSE OPERATIONS OR THE 
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DESIGN OF THE BASIC AIRCRAFT OR THE MODIFICATIONS 
INDICATE THAT A PARTICULAR LIMITATION SHOULD BE 
ALTERED. (SEE SEC. 8 . 1 0 - 5 . ) 

Published in 15 F. R. 9230, December 23, 1950, 
effective January 1, 1951: amended in 18 F. R. 6843, 
October 30, 1953, effective November 15, 1953. 

8 . 3 1 Area operating limitations. S P E 
CIAL PURPOSE OPERATIONS IN RESTRICTED CATEGORY 
AIRCRAFT SHALL NOT BE CONDUCTED OVER DENSELY 
POPUATED AREAS, IN CONGESTED AIRLANES, OR 
IN THE VICINITY OF BUSY AIRPORTS WHERE PASSEN
GER TRANSPORT OPERATIONS ARE BEING CONDUCTED, 
UNLESS THE ADMINISTRATOR FINDS IT IN THE PUBLIC 
INTEREST TO ALLOW OPERATIONS IN SUCH AREA, IN 
WHICH CASE HE SHALL PRESCRIBE SPECIFIC OPERATING 
LIMITATIONS TO PROVIDE THE HIGHEST DEGREE OF 
PUBLIC SAFETY COMPATIBLE WITH THE TYPE OF 
OPERATION INVOLVED. 

8 - 3 1 - 1 Waiver of operation limitations (CAA 
policies which apply to sec. 8.31). IF AN OP
ERATOR DESIRES TO CONDUCT SPECIAL PURPOSE 
OPERATIONS IN THE AREAS DESCRIBED IN SECTION 8 . 3 1 , 
USING A RESTRICTED CATEGORY AIRCRAFT, HE SHOULD 
COMPLY WITH THE FOLLOWING PROCEDURES: 

(A) Application. THE APPLICANT SHOULD OB
TAIN TWO COPIES OF FORM A C A — 4 0 0 , APPLICATION 
FOR CERTIFICATE OF WAIVER, FROM THE LOCAL AVIA
TION SAFETY DISTRICT OFFICE, AND FILL OUT BOTH 
COPIES AS FOLLOWS: 

( 1 ) T Y P E , OR PRINT IN INK. 
( 2 ) GIVE COMPLETE INFORMATION ON ITEMS 

1 THROUGH 7 . 
( 3 ) UNDER ITEM 3 , INSERT " 8 . 3 1 " AND DE

SCRIBE THE AREA. LIST ALL OTHER SECTIONS OF THE 
CIVIL AIR REGULATIONS FOR WHICH OTHER AUTHORI
ZATION, PERMISSION OR WAIVER IS REQUIRED, SUCH 
AS C A R 6 0 . 1 7 ( B ) FOR OPERATION BELOW M I N I M U M 
ALTITUDES. 

( 4 ) SIGN BOTH COPIES OF THE COMPLETED AP
PLICATION IN THE SPACE PROVIDED ON THE REVERSE 
SIDE FOR THE APPLICANT'S SIGNATURE. 

( B ) Certificate of waiver or authorisation. 
AFTER EXAMINING THE APPLICATION AND THE AIR
CRAFT OPERATION LIMITATIONS, THE C A A WILL ISSUE 
A CERTIFICATE OF WAIVER OR AUTHORIZATION, FORM 
A C A - 6 6 3 , WHERE IT IS FOUND IN THE PUBLIC IN
TEREST TO ALLOW THE PROPOSED OPERATIONS. WHERE 
THE OPERATION CONFLICTS WITH ANY STATE LAW OR 
LOCAL ORDINANCE OR REQUIRES PERMISSION OF LOCAL 
AUTHORITIES OR PROPERTY OWNERS, IT IS THE RESPON

SIBILITY OF THE OPERATOR TO OBTAIN SUCH PER
MISSION. 

(C) Special provisions. T H E CERTIFICATE WILL 
CONTAIN SUCH SPECIAL PROVISIONS AS THE APPROV
ING AGENT MAY DEEM NECESSARY IN THE INTEREST OF 
SAFETY. EXAMPLES ILLUSTRATING SUCH PROVISIONS 
ARE: 

( 1 ) A THOROUGH INSPECTION OF THE AIRCRAFT, 
ENGINE, AND SPECIAL EQUIPMENT SHALL BE MADE 
PRIOR TO EACH DAY'S OPERATIONS. 

( 2 ) A PLANNED COURSE OF ACTION SHALL BE 
FOLLOWED WITH EMPHASIS ON SELECTION OF AVAIL
ABLE EMERGENCY LANDING AREAS. 

( 3 ) A CAPABLE AND EXPERIENCED PILOT HOLD
ING AT LEAST A COMMERCIAL RATING WILL BE USED. 

( 4 ) APPROPRIATE OFFICIALS OF THE COMMUNITY 
INVOLVED SHALL BE NOTIFIED PRIOR TO BEGINNING 
THE OPERATIONS. 

( 5 ) AIR TRAFFIC CONTROL FOR THE AREA INVOLVED 
SHALL BE NOTIFIED PRIOR TO THE BEGINNING OF THE 
OPERATIONS. 

( 6 ) A N Y SPECIFIC PRECAUTION DEEMED NECES
SARY FOR THE PARTICULAR AREA INVOLVED. 

( 7 ) A N Y SPECIFIC PRECAUTIONS DEEMED NECES
SARY FOR THE TYPE OF OPERATIONS INVOLVED. 

(D) Duration. THE CERTIFICATE WILL CONTAIN 
AN EXPIRATION DATE WHICH WILL ALLOW AMPLE TUNE 
FOR COMPLETION OF THE OPERATION. 

Published in 15 F. R. 9230, December 23, 1950, 
effective January 1, 1951; amended in 18 F. R. 6845, 
October 30, 1953, effective November 15, 1953. 

8 . 3 2 Economic operating limitations. 
PERSONS AND CARGO SHALL NOT B E CARRIED FOR 
COMPENSATION OR HIRE IN RESTRICTED CATEGORY 
AIRCRAFT. FOR PURPOSES OF THIS SECTION CROP 
DUSTING, SEEDING, AND OTHER SIMILAR SPECIAL
IZED OPERATIONS, INCLUDING THE CARRIAGE OF 
MATERIALS NECESSARY FOR SUCH OPERATIONS, 
SHALL NOT BE CONSIDERED AS THE CARRIAGE OF 
PERSONS OR CARGO FOR COMPENSATION OR HIRE. 

8 . 3 2 - 1 Economic operating limitations (CAA 
interpretations which apply to sec. 8.32). UNDER 
THE PROVISIONS OF SECTION 8 . 3 2 RESTRICTED CATEGORY 
AIRCRAFT ARE NOT PERMITTED TO CARRY PASSENGERS 
OR CARGO FOR HIRE. THIS SECTION DOES NOT PRO
HIBIT THE NONREVENUE CARRIAGE OF PERSONNEL IN 
ADDITION TO CREW MEMBERS FROM ONE LOCATION TO 
THE OTHER; PROVIDED, THE AIRCRAFT DOES NOT ENGAGE 
IN SPECIAL PURPOSE OPERATIONS DURING THE FLIGHT. 

( R E V . 2 / 2 3 / 5 4 ) 
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(See sec. 8.33.) For example, an operator 
might fly his groundcrew to a location where 
special operations are to be conducted. The 
carriage of such persons, their personal luggage, 
and spare parts would not be considered as the 
carriage of passengers or cargo for hire or com
pensation. When such persons are carried, 
they should have available seats and safety 
belts, installed in the aircraft in accordance 
with good aeronautical practice. 

Published in 15 F. R. 9230, December 23, 1950, 
effective January 1, 1951. 

8.33 Passengers prohibited during spe
cial purpose operations. Persons, other than 
the minimum crew necessary for the purpose 
involved, shall not be carried during special 
purpose operations in restricted category air
craft. 
8.33-1 Passengers prohibited during special 

purpose operations (CAA interpretations which 
apply to sec. 8.33). The minimum crew speci
fied in section 8.33 includes those persons 
necessary to navigate the aircraft, such as 
pilot, copilot, and flight engineer, and such 
other persons as may be required to perform 
the special purpose operations. For example, 
a multiengine aircraft engaged in an agricul
tural operation of dispersing poison bran might 
be navigated by a pilot and copilot, and also 
have as part of its crew persons engaged in the 
dispersing of the bran. All of these persons 
would be considered crew members since each 
has a specific job to perform in connection with 
the special purpose operation. Persons other 
than crew members are not permitted to be 
carried during special purpose operations. A 
pilot or other crew member who is being given 
training in the special purpose operations may 
be considered an essential crew member. In 
such case, a charge may be made for the training 
in aircraft certificated under part 8. 

Published in 15 F. R. 9230, December 23, 1950, 
effective January 1, 1951; amended in 18 F. R. 6845, 
October 30, 1953, effective November 15, 1953. 

8.34 Separate operating limitations for 
multiple airworthiness certification. In 
case of multiple airworthiness certification 
under the provisions of section 8.21, the Ad
ministrator shall establish separate operat
ing limitations for each category and shall 
specify the approved changes 'necessary to 
convert and reconvert the aircraft from one 
category to another. 
8.34-1 Operating limitations for multiple 

airworthiness certification (CAA policies which 
apply to sec. 8.34)-

(a) Operations limitations. The operating 
limitations referred to in section 8.34 will be 
prescribed by the C A A representative at the 
time he issues the airworthiness certificate. 
The prescribed operating limitations should be 
displayed in the aircraft in accordance with the 
rules set forth in C A M 43.10-1. 

(1) The operating limitations for the re
stricted category operations will be designated 
as applicable to the restricted category and will 
be prescribed in accordance with section 8.30-1. 
Provisions will also be included covering the 
conversion of the aircraft from one category to 
another (see sec. 8.21-1 (c) (2)), and inspec
tion of the aircraft prior to the carriage of 
passengers for hire. (See sec. 8.21-1 (e) (2).) 

(b) Conversion instructions. The approved 
changes necessary to convert the aircraft from 
one category to the other as specified in section 
8.21-1 (c) (2), are considered part of the oper
ating limitations and should not be changed or 
amended without the approval by the CAA. 

(c) Owner's responsibility. It will be the 
responsibility of the aircraft owner to keep the 
operating limitations available in the aircraft 
in accordance with section 43.10 (b) (1) of this 
chapter, and to assure that the changes neces
sary to convert from one category to the other 
are made in accordance with the approved 
instructions. 

Published in 15 F. R. 9231, December 23, 1950, 
effective January 1, 1951; amended in 18 F. R. 6845, 
October 30, 1953, effective November 15, 1953. 

(Rev. 2/23/54) 
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Appendix A 
Structural Changes 

1,0 General 
The airplane is one of the most carefully 

designed vehicles of transportation because 
safety and performance considerations require 
efficient utilization of structure from a weight 
and strength standpoint. Since weight is such 
an important factor, structural members are 
usually designed with little reserve strength 
over that to be reasonably expected in service. 
Consequently, when structural changes are 
made or equipment is added, it is essential that 
consideration be given to the additional loads 
which structural members might be required 
to carry and to restoring at least the initial 
strength of the member where it has been 
altered. It is also well to remember that the 
airworthiness of a modified airplane can never 
be higher than the standard set by the person 
altering the basic design. These facts should 
be impressed upon the minds of all who attempt 
alternations of airplane structures if a level of 
safety commensurate with the original air
worthiness of the airplane is to be maintained. 
The modification and design problems com

monly encountered in the adaptation of an 
airplane for agricultural use are presented 
herein as a practical guide. Technical assist
ance, and advice covering proposed design 
changes can be obtained by contacting local 
Civil Aeronautics Administration representa
tives. 
1.1 Effects of Alterations on Aircraft 
The two basic considerations in aircraft de

sign are structural strength and aerodynamic 
(flight) characteristics. To obtain desired char
acteristics for a particular type aircraft, the 
designer must make some compromise between 
the most efficient structural and aerodynamic 
design. It is, therefore, only reasonable to 
assume that any changes made may affect 
either one or both of these basic considerations. 
Consequently, when changes are contemplated, 
the resultant effects on structural strength and 

aerodynamic characteristics should be con
sidered. 

1 . 1 0 Structural. All structural members of 
an airplane, whether in the fuselage, wing or 
tail surfaces, are put there to serve a definite 
purpose and are designed to carry and dis
tribute specific loads. Often, an alteration 
will change the design loading of affected mem
bers due to the effects of geometrical or weight 
changes. Such changes are not necessarily 
critical nor undesirable, but, in some cases, may 
overstress the member beyond that load for 
which it was originally designed. However, in 
all cases the effects of an alteration should be 
investigated to assure adequate strength. 

1 . 1 1 Aerodynamic. Aerodynamic charac
teristics normally will not be affected if the 
contour and center of gravity range are un
changed. However, protuberances, or changes 
in external contour may, for instance, increase 
the drag loads, and this in turn, may affect 
performance. Consequently, if it is necessary 
to install equipment such as wind driven gen
erators or power units, spray equipment, dust 
Venturis, etc., streamlining or fairing is often 
desirable to avoid serious reduction in per
formance. 
Alterations can affect other flight character

istics. Changes in center of gravity range, 
increase in drag, and changes in external 
contour, for instance, may critically affect the 
climb, stall, maneuverability, and stability 
characteristics. Alterations can usually be 
made to low speed, high power loading aircraft 
without seriously affecting their aerodynamic 
characteristics. However, the foregoing should 
be given careful consideration if the aircraft 
has marginal characteristics at the outset. 
1.2 Conversion of a Personal Type Airplane 

to One for Agricultural Use 
Several of the sections of this manual contain 

information describing in general terms methods 
for converting personal and other available 

19 
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aircraft for use as agricultural aircraft. These 
sections describe some of the current successful 
practices being used to install hoppers, tanks, 
etc. In installing such equipment, it is often 
necessary to modify the structure, adding or 
removing members, cutting holes, etc. Such 
modifications are usually called alterations. 
Structural alterations are not always simple 

problems. In most cases, however, methods for 
accomplishing structural alterations and work
manship standards can be found in C A M 18 
"Maintenance, Repair, and Alteration of Cer
tificated Aircraft, Engines, Propellers, and 
Instruments" and Navy or Air Force technical 
orders for the particular airplane involved. 
Where there is doubt as to the method of 
accomplishing the alteration C A A personnel 
(agents, engineering representatives, and the 
regional engineering branches) are available to 
provide necessary information and assistance 
without charge. Copies of C A M 18 may be 
obtained from the Superintendent of Docu
ments, U. S. Government Printing Office, 
Washington 25, D. C, for SI.25 per copy. 
Copies of many of the Air Force and Navy 
Technical Orders are on file or are available 
through the regional offices of the CAA. 
In the preliminary stage of any project, it is 

best to take stock of what is wanted and what 
has to be done to accomplish the desired results. 
A well planned job will prevent many changes 
and delays. 
Since personal aircraft have not been spe

cifically designed for the needs of agricultural 
category aircraft, suggested steps to follow in 
the selection of an airplane and in the deter
mination of typical conversions are given 
below for your guidance. 
1.20 Ideal Characteristics of an Agricultural 

Airplane. An ideal airplane for agricultural use 
would embody the following features: 

(a) High payload in proportion to gross 
weight. 

(b) Short landing and takeoff distance 
with full load. 

(c) High maneuverability. 
(d) Slow speed for spraying or dusting (40 

to 60 m. p. h.) with a higher cruising speed 
(100 to 150 m. p. h.). 

(e) Unrestricted visibility forward, later
ally and downward. (See sec. 7 of this manual 
for further details.) 

(f) Rugged construction, particularly in 
the landing gear, to permit continuous opera
tions from rough fields. 

(g) Low operating and maintenance costs. 
(h) A high degree of safety and depend

ability. 
(i) All parts resistant to corrosive action 

of sprays, dusts, or other chemicals. 
(j) Favorable aerodynamic design (smooth 

airflow characteristics) to permit maximum 
uniform disposal of spray or dust. 

(k) Adequate reserve power for emergen
cies. 

(1) Good flight characteristics when flying 
low, diving, climbing, and turning, and at low 
speed. 

(m) Easy and convenient operation of 
controls to enable the pilot to perform other 
duties such as operation of cutoff valves, hopper 
gates, etc. 

1.21 Selection of an Airplane for Modifica
tion Purposes. A completed airplane is in 
many ways a compromise of knowledge, ex
perience, and desires. The airplane design is 
also the result of a compromise between aero
dynamic and structural efficiency. These com
promises are necessary to obtain the operating 
characteristics desired. After reviewing the 
above standards for an ideal agricultural air
plane, it will be realized that all these conditions 
are not available in any single personal type 
airplane. 
Current models will have some but not 

necessarily all of these characteristics and in 
selecting a particular airplane some com
promises must be made to obtain the airplane 
which most nearly meets the need and requires 
the least expenditure to modify. 
1.22 Suggested Procedure for Conversion of a 

Personal Type to an Agricultural Type Airplane. 
(a) Determine what is desired. 
(1) Dusting equipment installation. 
(2) Spray equipment installation. 
(3) Combination of (1) and (2). 
(4) Pay load (hopper or tank capacity). 
(5) Engine change. 
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(6) Increase in gross weight. 
(7) Change in flight characteristics. 
(8) Modification of landing gear. 
(9) Change in geometric configuration of 

the fuselage. 
(b) Determine design of hopper or spray 

tank. 
(c) Determine design of hopper venturi or 

spray boom. 
(d) Determine structural modifications neces

sary for hopper or spray tank installation and 
how to accomplish. 
(e) Determine power source for pressure 

pumps or agitators, that is, whether the power 
source will be taken from the engine or a wind-
driven unit. 
(f) Determine location and installation of 

agitator or pump power unit. 
(g) Determine location and installation of 

spray booms. 
(h) Determine materials to be used. 
(i) Check weight change. 
(j) Make a preliminary weight and balance 

check. 
(k) Check the alteration for flight char

acteristics. 
(1) Check the conversion for cost. 

1.3 General Rules for Proper Alteration of the 
Aircraft Structure 

This manual will concern itself mainly with 
alterations involving the installation of dusting, 
seeding, and spraying equipment. It is not 
within its scope to cover all possible alterations 
that may be contemplated in the field; con
sequently, the manual will be restricted to 
general considerations only. 
1.30 Reinforcement of Open Bays in Primary 

Structure. When structural members are re
moved thus forming open bays, reinforcements 

are necessary to restore the airworthiness of 
the airplane. An open bay is a square or rec
tangular opening without cross-diagonal brac
ing members. A typical open bay CDHI is 
shown below in Figure 1 - 1 . Bays ABFG and 
DEIJ are closed bays. 
As a precautionary measure we repeat again 

that every structural member of an airplane is 
designed to carry and distribute the specific 
loads imposed upon it in the airplane's original 
intended operations. Whenever one of these 
members has been removed, additional loads are 
imposed upon other members which were not 
designed for these additional loads and the 
original continuity of the structure is destroyed. 
When it becomes necessary to remove a struc
tural member, it is most important that the 
continuity and original distribution of loads 
be restored by adding reinforcements or in
stallation of additional members. 

A B C 0 E 

Figure 1-1. Open Bay in Primary Structure (see 1.30). 

When a diagonal member is removed, such 
as B-H in Figure 1 - 1 , resulting in an open bay, 
it may be possible to restore this bay to its 
original airworthiness condition by adding 
diagonal members as shown in bay CDHI of 
Figure 1 - 2 . The open bay will usually be 
restored to its original strength if the diagonal 
members are made of the same gage alloy and 
size tubing as the tube removed. 
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Figure 1-3. Keinforcing Open Bays (see 1.30). 

Open bays of small dimensions have been satisfactorily restored, as shown in Figure 1 - 3 . In such cases sheet metal or tubular gussets are added at each corner of the open bay. These chrome-moly steel (SAE 4 1 3 0 ) sheet metal gussets are usually of the triangular, one-piece design or are folded into a U shape with the apex of the triangle being the open end. A sheet or tube thickness of about 
0 . 0 3 5 has been satisfactory in most cases. Both of these types are then welded to the two tubes forming the corner of the open bay. This type of alteration can generally be made in the top or bottom trusses of steel tubular fuselages, but should be made in side trusses only where the alteration is thoroughly checked for adequacy. 

B D 

i 
Figure 1-3. Reinforcing an Open Bay of Small Dimen

sions (see 1.30). 

1 .31 Cutting Holes in Stress Skin Structures. If possible, the cutting of openings in stressed skin structures should be avoided. If this 

is not always possible or practical, the edge of the opening should be reinforced to maintain the original strength of the basic structure adjacent to the cutout. For relatively small openings, such reinforcement could logically consist of a doubler plate extending completely around the opening. The dimensions of the plate and the number and size of rivets can be obtained from CAM 1 8 or similar repair manuals. 
1 . 3 2 Changes to or Removal of Stringers or 

Rings. If possible, avoid cutting stringers, bulkheads, or bulkhead rings. If this cannot be avoided, equivalent reinforcements should be added to avoid any reduction in strength. It is often desirable to contact the aircraft manufacturers or the local CAA engineering representative or engineering branch for their assistance prior to undertaking any extensive modifications to stressed-skin structures. 
1 . 3 3 Installation of Power Units for Pumps 

and Agitators. Wind-driven power units operate pressure pumps, mix spray materials, prevent dusting materials from packing, and feed these materials into the dispensing throat or spray boom at a uniform rate. Sometimes the airplane engine is the source of power, but usually external wind-driven units are used. All power units should be of rugged construction to minimize failure and servicing. Essen-
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tial principles of design and installation are 
outlined below: 

1.330 Wind-Driven Units. The propellers 
of wind-driven units often fail and the flying 
blades slash through anything in their path. 
Accordingly, wind-driven units should be lo
cated so that the plane of the propeller disk 
does not intersect any portion of the pilot's 
cockpit unless a protective strip of metal or 
other material is placed between the propeller 
and the cockpit. In addition, if at all possible, 
the plane of the propeller disk should not inter
sect the fuel tank, fuel lines, oil lines, or 
hydraulic lines. Metal propellers have been 
particularly hazardous in this respect. 
A sheet of 0.032 heat treated aluminum alloy 

24S or 75S material or K-inch plywood or equiv
alent will usually furnish adequate protection 
against blades from power unit propellers. 

1.331 Wind-Driven Unit Controls. Means 
for interrupting the power output should be 
located as near the unit as possible. Probably 
the most satisfactory method of accomplishing 
this is by means of a manually operated rotor 
brake. Thus, by stopping the rotor, the output 
of the unit is stopped. This brake performs 
two functions, one to control the power output 
for dusting or spraying needs and the other to 
stop the unit in case of failure. Under no load 
conditions, this would prevent overrunning of 
the unit which might cause complete disintegra
tion of the power unit and extensive damage to 
the airplane. 
Means of stopping the unit is particularly 

important for gear type pumps as the pump 
will seize if operated dry. The centrifugal type 
pump usually will not seize. However, when 
the centrifugal type pump is not pulling a load, 
the fan will overrun and possibly throw the 
blades. 
1.332 Wind-Driven Generator Power Source. 

If the power unit is a wind-driven generator, 
additional precautions are necessary. Refer to 
Section 5.4 of this manual, "Electrical Instal
lations." 

1.333 Power Units [vocations. Wind-driven 
power units should preferebly be located where 
extensive damage to the airplane will not result 
in event of failure of its propeller. The under
side of the fuselage is a desirable location. In 
this location an installation can usually be made 

using the fuselage or landing gear structure for 
support. In some cases installation has been 
made on the wing lift struts. Precaution 
should be taken in making installations of this 
latter type since vibration from the power unit 
in operation or as a result of a partial failure 
may cause failure of the lift struts or wing. 
The power unit in these cases should be in
stalled as near as possible to the lower end of 
the strut, but may also be installed at the jury 
strut attachment. Usually, installations should 
not be made on the strut if other locations are 
available. 

1.334 Adaptation of Automobile Engine Fans. 
The use of ' automobile engine fans require 
certain precautions. Usually, automobile en
gine fans are not designed for the high speeds 
obtained when installed on an airplane. In all 
cases, a sturdy fan should be selected. It may 
be necessary to reinforce the blade attachment 
be replacing the fan blade attachment rivets 
with high shear aircraft rivets. In some cases 
additional rivets may be necessary. Any 
"automobile" bolts in the fan should be re
placed with aircraft bolts. The bolts should be 
safetied. 

1.4 Attachment of Hopper or Tank to Primary 
Structure 

(See sec. 2.30 for suggestions on design of 
hoppers and tanks and section 2.304 for in
formation on method of determining hopper 
c g.) 
Hopper loads or tank loads should be carried 

as directly as possible to the fuselage panel 
points (the points where structural members 
intersect). This can be accomplished by proper 
location of the attachment fittings. In some 
cases it may be necessary to transmit the hopper 
loads through supporting beams and from these 
to the panel points. Hopper or tank loads 
should be carried to as many panel points as 
possible. Avoid concentrated loads in the mid-
span of longerons or other members of the 
primary structure unless suitable reinforcements 
are made. Strength should be provided in 
hopper attachments for downward, upward, for
ward, and sideward acting loads. Figure 1-4 
shows representative methods of transmitting 
hopper or tank loads to the panel or tube in
tersecting points. Do not drill holes in fuselage 



2 4 AIRCRAFT AIRWORTHINESS RESTRICTED CATEGORY CAM 8 

MEMBERS AND AVOID WELDING IN MIDSPAN OF 
MEMBERS. 

A SIMPLE MEANS OF SUSPENDING THE TANK OR 
HOPPER AND AT THE SAME TIME TAKING FULL AD
VANTAGE OF LOAD DISTRIBUTION WOULD BE TO ATTACH 
WOOD OR METAL STRIPS TO THE SIDE OF THE HOPPER TO 
ACT AS BEARING STRIPS. THESE BEARING STRIPS 
WHICH WILL RIDE ON TOP OF THE LONGERONS SHOULD 
RUN THE FULL LENGTH OF THE HOPPER. OTHER STRIPS 
SHOULD BE LONG ENOUGH TO TRANSMIT SIDE, FORE 
AND AFT, AND UP LOADS TO THE SIDE MEMBER WITH
OUT OVERLOADING THEM LOCALLY. IN SOME CASES, 
IT IS NOT POSSIBLE TO MAKE THESE STRIPS CONTINU
OUS SINCE FUSELAGE STRUCTURE MEMBERS WOULD 
INTER FERE. IN FIGURE 1—4 VERTICAL LOAD IS 
DISTRIBUTED TO THREE PANEL POINTS PER SIDE; 
THREE SUPPORTS PER SIDE ARE CONSIDERED GOOD, BUT 
THE MORE SUPPORTS THE BETTER. IF ONLY TWO 
PANEL POINTS WERE ACCESSIBLE, THE BEARING STRIP 
METHOD WOULD BE PREFERRED. 

R E C O M M E N O E D L O C A T L O H O F 
V E R T I C A L S U P P O R T I N G L U G S , 
B R A C K E T S , S T R A P S , E T C . 

W H E N U S E D — L O C A T E S T R A P 
A S N E A R T U B E I N T E R S E X 

Figure 1-4. Hopper or 

A S INDICATED IN FIGURE 1 - 4 , THE HOPPER OR TANK 
SHOULD ALSO BE SUPPORTED IN THE FORE AND AFT AND 
LATERAL DIRECTIONS (SEE DISCUSSION UNDER PILOT 
SAFETY ITEMS, SEC 4). THIS IS SOMETIMES DONE 
BY USING SEVERAL STRAPS OR LUGS TO ATTACH THE 
HOPPER TO THE VERTICAL MEMBERS OF THE FUSELAGE 
STRUCTURE. THIS METHOD IS SATISFACTORY IF SUCH 
ATTACHMENTS ARE MADE NEAR THE LONGERONS. 
MIDSPAN ATTACHMENTS SHOULD BE AVOIDED. 
OTHER MEANS SUCH AS USING CABLES AND TURN 

BUCKLES AND WEBBING ARE ALSO SATISFACTORY, BUT 

CARE SHOULD BE TAKEN TO PROVIDE ADEQUATE 

STRENGTH FOR FLIGHT CONDITIONS AS WELL AS MINOR 

CRASH CONDITIONS. SECTION 4 IN THIS MANUAL 

CONTAINS INFORMATION ON THE LOADS THAT MAY BE 

EXPECTED IN MINOR CRASHES AS WELL AS THE DIREC

TION IN WHICH THESE LOADS MAY BE EXPECTED TO 

ACT. 

1.5 Boom Installations 
SPRAY BOOMS ARE USUALLY LOCATED SPANWISE 

AND RELATIVELY CLOSE TO THE LOWER WING OF BIPLANES 

OR TO THE WING OF LOW-WING MONOPLANES. I N 

SOME CASES THIS IS APPROXIMATELY 9 INCHES. I N 

HIGH-WING MONOPLANES THE BOOM IS USUALLY 

INSTALLED SPANWISE AND AT AN ANGLE WITH REFERENCE 

TO THE WING. T H E BOOM EXTENDS FROM THE TANK 

CONNECTION UP TOWARD THE WING TIPS. LINE 

S U S P E N S I O N BY W O O D 
B A T T E N OR A N G L E S T R I P S 

S F O R F O R E A N D A F T L O A D S 
T I O N P O I N T S A S P O S S I B L E 

Tank Installation (see 1.4). 

SKETCHES OF THESE INSTALLATIONS ARE SHOWN IN 
FIGURE 1 - 5 . 

THE BOOM PIPES ARE GENERALLY SUSPENDED FROM 
THE WING SPARS, UTILIZING EITHER THE FRONT OR REAR 
SPAR. WHEN TWO SPAR CONSTRUCTION IS USED, 
BOOMS ARE SOMETIMES CONNECTED TO BOTH SPARS 
AS SHOWN IN THE FIGURES 1 - 6 AND 1 - 7 . T H E 
SPRAY BOOMS ARE USUALLY SUSPENDED AT ONLY FOUR 
POINTS. SKETCHES SHOWING TYPICAL BOOM IN
STALLATIONS ARE ILLUSTRATED IN FIGURE 1 - 5 . 
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Figure 1-6. Spray Boom Installation (see 1.5). 

Figure 1-6. Attachment of Spray Boom Supports to 
Wing Spars (see 1.5). 

Figure 1-7. Typical Spray Boom Installation Sup
ported by Front and Rear Spars (see 1.5). 

INSTALLATION OF HANGER STRAPS ATTACHED TO 
WOOD SPAR BY GLUEING HAS BEEN FOUND SATISFACTORY. 

THIS HAS BEEN ACCOMPLISHED IN FIGURE 1 - 6 BY 
USING Ke-INCH PLYWOOD BLOCKS WITH PREFABRI
CATED METAL PLATES OF 0 .040-INCH MATERIAL WITH 
A TUBE WELDED THERETO AND ASSEMBLY RIVETED TO 
THE PLYWOOD BLOCK. T H E BLOCK IS THEN GLUED 
TO THE FACE OF THE SPAR. T H E SPRAY BOOM IS 
USUALLY BOLTED TO THE TUBE FOR EASY REMOVAL. 
SUCH HANGERS MAY BE PUT ON BOTH SPARS BY 
SUSPENDING THE SPRAY BOOM BETWEEN THE TWO 
HANGERS. FIGURES 1 - 6 AND 1 7 ILLUSTRATE TYPICAL 
INSTALLATIONS OF THIS TYPE. 

W H E N WING COMPRESSION MEMBERS ARE BOLTED 
TO THE SPAR A PLATE SIMILAR TO THAT DESCRIBED IN 
FIGURES 1 - 6 AND 1 - 7 CAN BE USED AND MAY BE 
BOLTED TO THE SPAR USING THE COMPRESSION MEMBER 
BOLTS. THE PLYWOOD BLOCK IS NOT USED IN THIS 
CASE, BUT THE METAL PLATE SHOULD BE THE SAME OR 
GREATER THICKNESS THAN THAT OF THE WASHER 
REMOVED. THIS PLATE IS INSTALLED ON THE FOR
WARD FACE OF THE FRONT SPAR AND REAR FACE OF 
THE REAR SPAR IN ORDER NOT TO CHANGE THE COM
PRESSION MEMBER. PLEASE NOTE: D O NOT DRILL 
NEW HOLES IN THE SPAR OF THESE INSTALLATIONS! 

BOOMS INSTALLED INSIDE THE WINGS WITH ONLY 
THE NOZZLES PROTRUDING THROUGH THE WING COVER
ING CAN ALSO BE INSTALLED IN THIS MANNER. 

1 .6 CORROSION PROTECTION 

PRACTICALLY ALL CHEMICALS USED IN DUSTING AND 
SPRAYING OPERATIONS ARE CORROSIVE BY NATURE 
AND HASTEN DETERIORATION OF FABRIC, METAL, AND 
WOOD. IT IS ESSENTIAL TO SAFE OPERATION THAT 
PRECAUTIONS BE TAKEN TO PREVENT CORROSION AND 
DETERIORATION OF WOOD, METAL, AND FABRIC. 
CLEANLINESS OF THE AIRPLANE IS ONE OF THE MOST 
IMPORTANT PRECAUTIONS OF ALL. IF IT WERE PRAC
TICABLE AND FEASIBLE TO CLEAN THE AIRPLANE 
THOROUGHLY, THAT IS, GIVE IT A THOROUGH WASHING 
INSIDE AND OUT AFTER EACH DAY'S WORK, PROBABLY 
NO SPECIAL CORROSIVE PREVENTATIVE MEASURES 
WOULD BE NECESSARY. SINCE THIS THOROUGH 
DAILY CLEANING IS NOT PRACTICABLE, THE FOLLOWING 
PRECAUTIONS SHOULD BE TAKEN: 

(A) ALL FITTINGS AND METAL STRUCTURE SHOULD 
BE COVERED WITH TWO COATS OF ZINC CHROMATE 
PRIMER, PARALKETONE, OR SIMILAR MATERIALS. 
THIS COATING SHOULD BE APPLIED TO ITEMS SUCH 
AS WING-ROOT FITTINGS, WING-STRUT FITTINGS, CON
TROL-SURFACE HINGES, HORNS, MATING EDGES OF 
FITTINGS AND ATTACH BOLTS, ETC. 



26 AIRCRAFT AIRWORTHINESS RESTRICTED CATEGORY CAM 8 

(b) Nonstainless steel control cables should 
be coated with paralketone or other similar 
protective coating, or should be replaced with 
corrosion-resistant cables. 

(c) Periodic inspection should be made of 
all critical portions of the aircraft structure. 
Structural parts showing corrosion should be 
cleaned and refinished if the corrosion attack 
is superficial. If the part is severely corroded, 
it should be replaced with corrosionproof 
parts. 

(d) Provision for additional inspection 
openings should be made to facilitate easy 
inspection. Experience has shown that access 
openings to permit ready inspection of lower 
and rearward portion of the fuselage are 
particularly desirable. These openings are in 
addition to the openings which are normally 
required to permit access to the wing and con
trol surface hinges and attachment fittings. 

(e) Additional provision for drainage and 

ventilation of all interiors should be made to 
prevent collection of moisture. 

(f) At the time of recovering both metal 
and wood airplance structural members should 
be coated with zinc-chromate primer (two 
coats), followed by dopeproof paint or wrapping 
with cellophane tape. 

(g) Interiors of metal covered wings and 
fuselages should be sprayed with an adherent 
corrosion inhibitor. 

(h) Exterior surfaces should be washed 
with clear fresh water at least once a week. 
Interior surfaces should also be washed, taking 
care to prevent damage to electrical circuits 
or other items subject to malfunctioning due 
to moisture. 

(i) Openings in the wings, fuselage, and 
control-surface members, such as tail-wheel 
wells, openings for control cables, etc., should 
be sealed as completely as possible to prevent 
entry of dust or spray. 



Dispens ing Equ ipment Des ign Criteria 

2.0 General 
2.1 Sources of Information on Equipment 

Design 
2.10 Department of Agriculture. The De

partment of Agriculture, in recent years has 
devoted much effort to the development of 
dusting and spraying techniques. Forest pest 
control, seeding, dusting, weed control, spary-
ing, etc., have all been studied extensively. 
The Department of Agriculture has thus devel
oped both equipment and techniques for various 
agricultural applications. Detailed descriptions 
of spraying and dusting equipment and installa
tions are available on request from the Depart
ment of Agriculture. They will also supply in
formation on request as to techniques of using 
the recommended equipment. Inquiries should 
be addressed to: 

Bureau of Entomology and Plant Quaran
tine, 

Agricultural Research Administration, 
United States Department of Agriculture, 
Washington 25, D. C. 

Publications which have been issued by the 
Department of Agriculture of interest to crop 
dusting and spraying operations include the 
following: 

Equipment for Dispersing Insecticides from 
Aircraft. 

Equipment for the Dispersal of D D T Insec
ticides by Means of Aircraft. 

Spray Equipment for a Stearman N2S Air
plane. 

Aircraft for Spraying and Dusting. 
A Hopper and Mechanism for Distribution 
of Baits and Dust by Airplanes for Insect 
Control. 

The Use of Aircraft in the Control of Crop 
Pests. 

A Bibliography of the Use of Airplanes in 
Insect Control from 1922 to 1933. 

Machinery for Dusting Cotton. 
Suggestions Regarding the Use of D D T by 
Civilians. 

2.11 Periodicals—Manufacturers of Insecti
cides—State Universities. The following articles 

are also recommended for general information 
on crop dusting: 

"Crop Dusting from Cubs" by F. H. Po-
nish, Aviation Maintenance magazine, 
October 1945. 

"Insect Spraying for Profit" by Robert C. 
Blatt, Aviation Maintenance magazine, 
December 1945. 

Manufacturers of dusting and spraying ma
terials as well as various aviation associations 
have made extensive studies in this field and will 
be willing to provide you with information upon 
request. Many of the agricultural colleges of 
the State universities conduct extensive research 
of spraying and dusting equipment. In this re
spect it is suggested that you contact your State 
department of agriculture for information and 
publications. 
2.12 Civil Aeronautics Administration's Ap

proved Dusting and Spraying Equipment Installa
tion. Various persons, aircraft manufacturers, 
and other organizations have developed dusting 
and spraying equipment suitable for installation 
on available aircraft. The C A A has, in many 
cases, approved specific kits which, in general, 
include all parts and installation instructions 
necessary to readily convert available aircraft 
to a duster or sprayer. These approved kits 
have been checked aerodynamically and struc
turally by the C A A and may be installed with
out adversely affecting the airworthiness of the 
aircraft in a dangerous manner. C AA approved 
kits will be found listed in the particular air
craft specifications issued by the C A A for each 
aircraft model. Copies of these specifications 
may be obtained without charge from your local 
C A A Aviation Safety Agent or by writing to 
the CAA, Washington 25, D. C. 

2.2 Dispensing Equipment 
In many instances commercial equipment to 

do the required job may not be available and 
some operators will choose to design their own 
equipment or modify commercial equipment to 
suit their needs. There are many factors which 
should be kept in mind when attempting to 
convert a commercial unit which has been spe-

27 
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eifieally designed for a particular airplane, for 
use on another model airplane, or constructing 
a completely new design. The data presented 
here will, in general, be applicable to either new 
or revised installations. 
The geometric design of dispensing equip

ment should be accomplished taking into ac
count the information in the "Structural 
Changes" part of this manual; means of sup
porting equipment are discussed in that portion 
of this manual. Structural design of the equip
ment, tanks, spray booms, etc.. are covered, in 
general, in the following sections. Structural 
design of the dispensing apparatus concerns 
two major items; these are. structural ability 
to satisfactorily carry the anticipated loads, 
and preventing leakage of fluids or dust thereby 
protecting the pilot against noxious dust and 
liquids as well as from fire hazards. General 
considerations covering structural design prob
lems commonly encountered with dispensing 
equipment are as follows: 

2.3 Dusting Equipment Design 
Dusting equipment usually consists of the 

following major components: A hopper, a ven
turi, an agitator system, and a valve. The 
structural design will in general be determined 
from the materials and equipment available. 
However, certain precautions or good practices 
should be followed. 

2.30 Hoppers. 
2.300 Materials. 
(a) The hopper can be made from practically 

any material available Hoppers have been 
constructed of aluminum, stainless steel, gal
vanized sheet, plywood paneling, and even 
canvas. The capacity and general design of the 
hopper in most cases will determine the thick
ness of the construction material and just how 
much reinforcing is necessary. The general 
comments on corrosion protection of section 1.6 
should be taken into account in the design and 
construction of the hopper. 
Thickness or gages of material which have 

been used and found satisfactory are: 
(1) 24 ST aluminum 0.040 to 0.062 inch. 
(2) Stainless steel and galvanized sheet 

0.035 inch. 
(3) Plywood (3-plv spruce or equivalent) 

Yi inch. 

(4) Canvas.—This material is not usually 
recommended, but if used special precautions 
should be taken to provide adequate reinforcing 
structure to take fore and aft and side loads. 
Any one of several good grades of heavy canvas 
duck material can be used. 

2.301 Reinforcing of Hoppers. Stiffening 
angles or T's should be used on at least the 
front and rear face of the hopper. Reinforce
ments of this type are also recommended for the 
sides of the hopper. The material and size of 
angle can be determined from its construction. 
The use of stiffening angle or T's of 1 x 1 x % 
inch, 24 ST material will be found satisfactory 
in most cases. 

Figure 2-1. Reinforcing Sides of Hoppers (see 2.301). 

2.302 Hopper Seams. 
(a) Many different types of seams such as 

welded, riveted or bolted seams may be satis
factorily used. Since most hoppers are of odd 
shape design the most practical seam may be 
one using a corner angle with the sides riveted 
to it as in the sketch (Fig. 2-3). Such use of 
the angle will also provide vertical stiffness. 
In these cases it has been found that 1 x 1 x %-
inch 24 ST aluminum angles using a double row 
of alternately spaced % A17 ST rivets have been 
the most widely used. 
Where it is necessary to splice a sheet the 

lap joint or full fell seam can be used satis

fy ipwre g-St. Full Fell Interlocking Seam (see 2.302). 
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Figure S-3. Angle Reinforced Corner (see 2.302). 

factorily, Figure 2-2. For the lap joint a 
double row of staggered rivets should be used. 
The full fell seam may be found satisfactory 
without riveting where a generous application 
of stiffening angles has been used. However, 
riveting those seams is recommended. 
All joints or seams should be made sufficiently 

tight to prevent leakage of dust. This is 
important for pilot safety and cleanliness of the 
airplane. Sealing compounds will help assure 
joint tightness but they add no strength. Any 
one of several methods could be used to provide 
a tight joint. 

(1) A well riveted joint using two rows of 
alternately spaced rivets will be sufficiently 
tight to prevent leakage of dust. However, 
further precaution may be taken as in items 
(2), (3), and (4) below." 

(2) The seam may be leaded using a torch 
or soldering iron after construction. 

(3) Fabric reinforcing tape may be doped 
to the inside or outside of the corner of seam or 
both. 

(4) Sealing compounds such as those used 
in the sealing of seams in gas tanks may be used 
satisfactorily. 
2.303 Hopper Doors (Loading Door). 
(a) The loading door construction is very 

important and consideration should be given 
in the design to the pilots' protection and effi
cient hopper loading. The door should be 
sturdy with positive locking features. It should 
also be designed airtight. The top of the hopper 
may be curved and faired in as part of the 
airplane. In this manner no auxiliary fairing 
for aerodynamic reasons is necessary and it 

facilitates loading since it is necessary to open 
only one door. For convenience let us list here 
the main items of the door that should be 
considered. 

(1) Door size.—The door should be of 
adequate size and be located in the top of the 
hopper, to facilitate and expedite loading 
procedures. 

(2) Sturdy construction.—The door should 
be well built to take the hard treatment that 
will be given it by the loaders in opening and 
closing the door. A well built door will elimi-
. nate a great deal of the troubles generally ex
perienced with doors being difficult to close 
properly. 

(3) Hinges.—Various types of hinges are 
used, their strength not being a major consider
ation, since the door does not carry heavy struc
tural loads. Care should, however, be exer
cised in the selection of door hinges since the 
failure of these hinges could result in serious 
damage to the airplane or injury to the pilot. 
If practical, the hinges should be installed on 
forward side of door so that the air stream tends 
to close the door. 

(4) Positive latching mechanism.—This is 
important since many near accidents have oc
curred due to the door coming open on takeoff 
and in flight. The latching mechanisms should 
be simple and easy to operate. Many types of 
fasteners are used such as a winged dzus type 
fastener, an over center latch commonly known 
as a suitcase or trunk latch, a cam actuated bolt 
latch or many others which can be easily and 
readily operated, 

(5) Door seals.—Provide a seal around 
door which will prevent leakage of dust. 
2.304 How to Determine the Center of Gravity, 

Volume, and Weight of a Hopper. In almost all 
cases it is essential that the c. g. of the modified 
airplane be kept within certain limits. To aid 
in this and to prevent costly mistakes, it is ad
vantageous in the preliminary design stages to 
know the approximate c. g. and volume and 
weight of the hopper. This approximate c. g. 
and volume of the hopper will permit calcula
tions of the effect of the hopper installation on 
the weight and balance of the airplane. 
The c. g. and volume can readily be calculated 

for square or rectangular design, however, many 
hoppers are odd shaped due to the configura-
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Figure 2-4- Symmetrical Hopper e. g. Computation (see 2.3040). 

tion of the available space in the airplane. For 
preliminary design purposes complex calcula
tions usually are not necessary, close approxi
mations being sufficient. The following ex
amples cover most cases usually encountered. 
For the symmetrical hopper it will be noted 

that the empty and fully loaded hopper c. g. 
will be identical, but in nonsymmetrical designs 
the partial loaded c. g. will usually differ from 
the empty c. g., in which case it may be advis
able to also compute the c. g. of a partially 
loaded hopper. 

In all cases, only the horizontal or fore-and-
aft c. g. will be considered since airplane, load
ing restrictions are based on the fore-and-aft 
c. g. locations, the vertical locations not being 
considered because of their small effects on per
formance and strength. 
2.3040 Square or Rectangular Design. The 

horizontal c. g. of a symmetrical designed hopper 
or tank is the center of the top fine of the side of 
the hopper or tank. In the case of the sym
metrical hoppers in Figure 2-4. as'long as A B C D 
is either a square or a rectangle and C E and F D 
are equal, the horizontal c. g. is the middle of 
line AB. 

The volume and weight of each of these con
tainers are determined in the same way so only 
one example will be given. Assume that the 
dimensions of the symmetrical rectangular con

tainer are as shown on the above sketch. The 
side of the container is divided into parts which 
are easily calculated. Next, divide the lower 
portion of the container into two triangles and a 
rectangle as shown. The dimensions can be 
calculated or measured from a scaled drawing 
of the proposed design. The volumes are then 
computed as follows: 

Area of the side panel is: 
Area of A B C D = 36X25=900 square 

inches. 
14X14 

Area of C E X = — ^ — = 9 8 square inches. 
Area of X Y E F = 8X14=112 square 

inches. 
14X14 

Area of Y F D = — ^ — = 98 square inches. 

Total area of side panel= 1, 208 square 
inches. 

This multiplied by the width gives the volume 
in cubic inches. 

1,208X30=36,240 cubic inches. 
The volume in cubic inches multiplied by the 

weight per cubic inch of the insecticide or dust 
to be used will equal the weight of the hopper or 
tanks contents. 
To convert this volume into cubic feet, we 

divide 36,240 by 1,728 which is the number of 
cubic inches in a cubic foot. The volume in 
cubic feet is then 'l6'i^=20.97 cubic feet. 
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2.3041 Odd Shaped Designs. 
(a) Determining c. g. by moments: 
(1) First, a side view of the hopper is 

drawn to scale. 
(2) Divide the side view into right angle 

triangles and rectangles. In this example the 
right angle Triangles are AA'C, CC'E, and 
D'DF. The rectangles are A'BCD and 
C'D'EF. For convenience these rectangles 
and triangles are designated by letters (A), 
(B), (C), (D), and (E) _ (see Fig. 2-5). 

(3) Scale the horizontal sides of the tri
angles and rectangles. 

(4) On the horizontal side of the triangles 
take 2/3 of the length and layout this distance 
on the drawing from the acute angles of the tri
angle. These distances are the horizontal 
locations of the centroids or center of gravity 
of the triangles. The similar horizontal cen
troids of the rectangles or squares are of course 
located at 1/2 the horizontal side of the square 
or rectangles. 
In this example the horizontal centroid 

locations are: 
For triangle (A), 10 inches measured from 
A. 

For rectangle (B), 10 inches measured from 
A'. 

E F 

^Figure 2-5. Odd-Shaped Hopper c. g. Computation' 
(see 2.3041). 

Triangle (C), 3.33 inches measured from C. 
Rectangle (D), 2.5 inches measured from 
C . 

Triangle (E), 6.66 inches measured from 
D. 

Since all of our measurements will eventually 
be made from point (A), let us compute the 
horizontal centroid for (E) also from the left. 
The horizontal side of the triangle is 10 inches, 
therefore, if we substract the 6.66 inches from 
10, we have 3.34 inches from point D'. 

(5) Compute or scale on the drawing the 
horizontal centroid distance of each triangle, 
rectangle, or square from some point such as A, 
To carry through for our problem these dis
tances would be: 

Triangle (A) 10 inches. 
Rectangle (B) 15 + 10 = 25 inches. 
Triangle (C) 15 + 3. 33 = 18. 3 inches. 
Rectangle (D) 15 + 5 + 2.5 = 22. 5 
inches 

Triangle (E) 15 + 10 + 3.34 = 28.3 
inches. 

(6) Compute the area of each triangle, 
square and rectangle. The area of a right 
angle triangle is the product of the sides 
of the right angle divided by two, for 
example, the area of triangle (A) is equal to 
15 x 25 
— - = 187. 5 square inches, The area of the 
triangle and rectangles are: 

(A) = 187. 5 square inches. 
(B) = 500 square inches. 
(C)= 30 square inches. 
(D)= 60 square inches. 
(E)= 60 square inches. 

The total area is 837. 5 square inches. 
(7) The next step will be to take moments 

about point A since that is the point that was 
selected to take our measurements in (5) above. 
This will result in a summation of the moments 
of the triangles and rectangles in which our 
problem was originally divided (see Fig. 2-5). 

The moment is the product of the area 
times the distance of its centroid or center of 
-gravity from the point selected about which 
the moments are to be taken. The point can 
be any one of convenience. 
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C. G. u-Uh Rejamu 
A Tea to datum ieledtd ^foment 

(A) 187. 5 X 10 = 1. 875 
(B) 500 X 25 = 12. 500 
(C) 30 X 18. 3 = 549 
(D) 60 X 22.5 = 1, 350 
(E) 60 X 2& 3 = 1, 698 

Total 837. 5 17. 972 
Total M = 17,972 = 2 } . ^ 

Total A 837. 5 

• This is the horizontal distance of the c, g. of 
the container from the point A originally select
ed for the problem. Since the container was 
assumed to have symmetrical or identical oppos-
site sides, the horizontal c. g. of the container 
becomes 2 1 . 5 inches from point A. If it is 
assumed that Point A is 1 2 inches from the 
datum of the airplane, then the hopper c. g. will 
become 2 1 . 5 + 1 2 = 3 3 . 5 inches from the airplane 
datum. This c. g. is the one used in the weight 
and balance calculations for the entire airplane. 

(8) Only areas and distances have been 
considered in this problem. However, it is 
realized that when the container is laid out on 
paper it is desirable to know how much it will 
hold and how much it will weigh. This can be 
readily determined by multiplying the total 
area calculated in part ( 6 ) above by the width 
of the container. For this problem let's assume 
the hopper to be 3 0 inches wide. The volume 
then becomes 837.5 square inches from item ( 6 ) 
aboveX30 inches = 2 5 , 1 2 5 cubic inches. The 
weight will be the volume multiplied by weight 
of the contents in pounds per cubic inch. 

2 . 3 0 4 2 Any Shape Design (Simple Method). 
A simple and quite accurate method of finding 
the center of gravity position of a hopper is as 
follows. A full-scale template of the side of the 
hopper is made by laying out or drawing to 
full-scale a side view of the hopper on a piece of 
cardboard, plywood or metal and trimming 
along the outside lines. The center of gravity 
of the loaded hopper will lie at the center of 
gravity of the template and can be found by 
finding the place along the upper edge of the 
template where the template will hang in the 
same position as that of the hopper in the air
plane. To locate this place first suspend the 
template by holding its upper edge between your 
fingers. Once the place is found where the 
template hangs in proper position, check the 

position accurately by substituting a loosely 
driven nail or small pin for your fingers. The 
center of gravity of the template and of the full 
hopper will lie on a vertical line passing through 
the suspension point and the horizontal position 
of the hopper c. g. will have been located. If the 
vertical position of the c. g. is to be found, the 
same procedure may be used except one of the 
side edges should be used as the pivot edge. As 
before, the c. g. will he on a line directly under 
the new pivot point and the point where the 
first line found crosses the second line will be 
the center of gravity of the loaded hopper. 

2 . 3 1 Agitators. 

(a) The agitator performs an important func
tion in feeding the dust into the venturi vent at 
a uniform rate. The agitator and its installation 
should therefore be of rugged construction to 
eliminate many of the troubles encountered. 
(Refer to sec. 1 .6 for corrosion prevention 
information.) Mechanical troubles are, how
ever, usually minor except for the possibility of 
fires. It is possible to ignite sulfur dust and 
probably others by sparks which will be gen
erated if a steel or other ferrous metal blade 
strikes the sides of the hopper or any small piece 
of metal such as pieces of wire, bolts, nuts, etc., 
that invariably get into the hopper. Friction 
created by a poorly alined bearing installation 
will create sufficient heat in some cases to cause 
a fire, A poor bearing installation in connection 
with an agitator that flexes under load will also 
require an excessive amount of power to operate. 
The following items are suggested for considera
tion in the agitator construction and installa
tion. (For information on the agitator power 
unit see sec. 1 . 3 3 . ) 

( 1 ) Use nonferrous metal blades to reduce 
spark hazard. 

( 2 ) Use sealed bearings or make provision 
for lubrication. 

( 3 ) Support the bearing installation in the 
sides of the hopper as well as possible. 

( 4 ) Securely attach agitator blades. 
( 5 ) Properly aline bearing and agitator 

shaft installation. 
2 . 3 2 Venturi. A device called a venturi is 

usually used to mix dust from the hopper with 
a large amount of air, thus obtaining a uniform 
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Figure H—b'. S k e t c h of Venturi Cross Sec t ion (sue 
2 .320) . 

A common error in designing the lower surface 
is to form the airfoil section by riveting two 
sheets of metal together at the leading edge as 
shown below: 

33 

— ' U 
Figure 2-7. Poor Venturi Leading Edge Design (see 

2.320). 

The sharp edge at the leading edge acts as an 
obstruction to the airflow which in turn causes 
an objectionable burbling of the air, resulting 
in excessive drag of the venturi and often in a 
nonuniform dust pattern. It is recommended 
that the leading edge of the airfoil section be as 
smooth and well formed as that in the leading 
edge of the wing for optimum performance. 
2.321 Construction. As in the case of the 

hopper, aluminum and steel are usually used. 
However, some venturies are, and can be, made, 
from plywood. The information included in 
section 1.6 on corrosion protection and preven
tion should be considered in the design of the 
venturi. The following materials used for the 
hopper, 24ST aluminum 0.040 to 0.062 inch or 
0.035 stainless steel will also be found satisfac
tory for the venturi. W e must, however, keep 
in mind that if we radically deviate from the 
designs and sizes in common use, reinforcements 
and thicker materials may be necessary. Also, 
flight characteristics may be adversely affected. 

Because of vibration, welded joints or seams 
do not usually hold up well. They will crack 
and give considerable service trouble. It has 
been found that riveted seams and joints have 
been the most satisfactory. 
2.322 Installation. I thas been found through 

experience that the venturi should be installed 
as close to the fuselage as possible for minimum 
drag. The forward throat opening of the ven
turi must, however, be so located that it will be 
in an unobstructed air stream. If the venturi is 
hung too far below the structure, high drag loads 
will be created. Additional bracing and heavier 
attachments will also be required to properly 
distribute the loads. The possibility of causing 
aircraft instability and control problems is also 
increased by locating the venturi too far from 
the fuselage. 
The single compartment venturi is usually 

suspended at the connection to the hopper 
opening. On the multiple compartment type 
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and wide distribution. The venturi's action is 
to produce a rapid flow of air and a low pressure 
area at its minimum cross sectional area. To 
obtain the best dust mixing and flow character
istics, the hopper opening should be at the 
minimum cross section of the ventur. Although 
the venturi is primarily designed to spread the 
discharged dust in the most satisfactory manner 
it must also be considered from both a struc
tural and an aerodynamic point of view. W e 
will not attempt to discuss further, in this 
publication, the most effective types of ven-
turies. W e will, however, outline some struc
tural and aerodynamic considerations in the 
following items. 
2.320 Design. It was pointed out in section 

1.11 that a protrusion or changes in the geo
metric configuration of an airplane will change 
the airflow characteristics about the plane and 
may increase the drag loads and reduce the 
aerodynamic efficiency of the design. The 
venturi will work only if it protrudes into the 
airstream, therefore, it will have a real effect 
on the aerodynamics of the airplane. Since it 
is necessary to have the venturi as a dispensing 
means, we should strive to keep its effective 
drag as low as possible and, thus, its effects to a 
minimum. This can usually be done by keep
ing its size as small as possible and using a clean 
design and avoiding abrupt changes in contour. 
A generally satisfactory design which has 

been used quite extensively has a straight top 
surface and an airfoil section for the lower 
surface. A cross sectional view of this venturi 
is shown in Figure 2-6. 
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venturies, additional fuselage to venturi attach
ments or supports are usually necessary. This 
type venturi is usually longer and wider at the 
trailing edge than the single compartment 
venturi and for satisfactory installation it should 
be supported near the aft end of the venturi in 
addition to the conventional support at the 
hopper discharge connection or forward end. 
2.4 Spray Equipment Design 
Spray equipment usually consists of the fol

lowing major components: Tank, pump, spray 
booms, nozzles, pressure regulator, spray shut-
off valve, and controls. The structural design 
and installation will in general be determined 
from the materials and equipment available. 
However, certain precautionary measures and 
good practices should be followed. 

2 . 4 0 Tank Installations. Although the geo
metric design of a liquid carrying tank may be 
somewhat different from a dusting hopper the 
installation problems will in general be the same. 
Reference should be made to section 1.4 which 
describes how to attach the hopper to the pri
mary structure. This method is also applicable 
to tanks since the tank loads should be distri
buted to the panel points. It may however be 
found advantageous or necessary in many cases 
to support the tank from the bottom, sides, or a 
combination of both. In any case the loads 
should he transmitted as directly as possible to 
the panel points. This may be accomplished 
as in section 1 .6 , or by the installation of a floor 
which wUl distribute the loads, or by legs on 
the tank tied in at the lower panel points. The 
tank should also be adequately supported for 
fore and aft loads. 

Portable tanks are sometimes carried in 
passenger seats. This procedure is satisfactory 
only if adequate precautions are taken and is not 
recommended. A seat structure and the 
installation is designed for specific loads, 
normally not in excess of the passenger capacity. 
Care should, therefore, be taken not to over 
load the structure when carrying such tanks. 
Reinforcement of the seat and the installation 
will however permit greater loads. Proper dis
tribution of the loads is still an important factor 
in these cases. The tank should also be 
securely tied down and vented the same as in 
permanent installations. 

2 . 4 1 Tank Construction. General consider
ations covering tank construction and design 
are as follows: 

2 . 4 1 0 Materials. Tanks should be con
structed of aluminum alloy if lightness is 
particularly desirable. Other materials such 
as plain and galvanized sheet metal have been 
used successfully. The comments of section 
1.6 concerning corrosion should be taken into 
account in the tank design. 

2 . 4 1 1 Drainage. The bottom of the tank 
should be shaped to permit complete drainage 
when the airplane is on the ground or in flight. 

2 . 4 1 2 Provisions for Cleaning and Making 
Repairs. A cover plate approximately 1 4 x 
8 inches in the top of the tank to permit access 
for cleaning and making repairs is desirable. 
The tank filler neck and air vent may be fitted 
to this cover plate for optimum convenience. 
A fine mesh screenwire cylindrical strainer 
approximately 1 0 inches long provided in the 
filler neck and made removable will facilitate 
keeping the tank clean. 

2 . 4 1 3 Baffling. Baffle plates should be pro
vided in the tank in both directions and may 
be welded or riveted to the tank sides. The 
baffles can be of any type which will retard the 
movement or sloshing of the liquid. Ore such 
baffle design is given in Figure 2 - 8 on following 
page. 

2 . 4 1 4 Seams and Sealing. The seams of 
tanks are more critical than those of hoppers 
from the leakage point of view, (see sec. 4 . 4 and 
4 . 5 for hazards due to leakage and sec. 2 . 3 0 2 for 
a discussion of hopper seams). The general 
comments of section 2 . 3 0 2 concerning hopper 
seams apply directly to tank seams except for 
the need for paying more attention to sealing 
the seams. Sealing compounds or other means 
similar to those discussed in section 2 . 3 0 2 are 
necessary at all seams except bonded or contin
uously welded seams. In addition, care must 
be taken to seal around rivets and bolts and 
any other holes made in the tank. Welding, 
although susceptible to cracking due to vibra
tion, is practical here by virtue of its leak 
resistance. 

2 . 4 1 5 Venting. An important feature of 
any tank is an adequate vent to prevent air 
locks restricting the discharge flow of fluid. 
Above all, for safety reasons, extend the vent 
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Figure 2-8. Tank Baffle (see 2.413). 

believed that the simplest and easiest method 
•is to fill the tank with water and use a stand 
pipe filled with water. A lK-inch pipe can be 
connected to the venting tube (reference sec. 
2.414) or one adapted to the filler opening. 
In either case the height of the pipe would be 
the same. For a 3}j-pound test the height of 
the water in the pipe would only need be 8 
feet and only a 11%-foot height of water will be 
needed when making the 5-pound test. 

PIPE 
V 
A 

8' 
O R 

to the outside of the fuselage where all fumes 
will be carried away from the pilot and possible 
ignition sources, particularly exhaust stacks. 
The air vent in many cases is made from 1% 
inches outside diameter tubing fitted to the 
cover plate discussed in section 2.412 above. 
A hose is then extended from the tubing up 
to the upper wing in biplane design. The vent 
should be so installed that fumes, under aU 
conditions, are carried away from the pilot. 
It cannot be too highly stressed that all con
nections and joints must also be made air tight 
to prevent leakage. 
2.416 Testing. Pressure testing of spray 

tanks is not absolutely essential but is recom
mended for safety reasons. This testing will 
also determine whether the joints and connec
tions are tight and will not leak in addition to 
determining any weak spots in the construc
tion. Where spraying is done with highly 
volatile and flammable liquids, or where the 
tank has a return line, such as in an engine oil 
tank where the fluid is pumped back into the 
tank, it is recommended that the tank be tested 
for a pressure of 5 pounds per square inch. 
For other liquids, and where no fluid return 
line is used, testing to 3% pounds per square 
inch should be satisfactory. There are many 
ways of pressure testing a tank, however, it is 

T A N K 

Figure 2-9. Sketch of Tank Pressure Test (see 2.416). 

2.42 Spray Booms. Booms are essentially 
straight lengths of pipe or tubing and are of 
variable size, depending upon the system and 
the particular design. One-inch aluminum 
alloy pipe may be used if lightness is particu
larly desirable, however, other tubing may be 
used. One system we know of utilizes SAE 
4130 steel 1 inch 0.049 gage tubing. The com
ments on corrosion contained in section 1.6 
should be taken into account in designing the 
spray booms. 
The use of round tubing to permit rotating 

the boom so that the position of the nozzle 
orifices in relation to the airstream can be varied 
will be found beneficial in making the installa
tion. The boom pipes are usually located span-
wise and relatively close to the lower wing of 
biplanes or to the wing of low-wing monoplanes. 
In some cases this is approximately 9 inches. 
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show if any reinforcements are necessary. If 
an analysis is not available, static testing to 
limit loads is also an acceptable procedure for 
proving the adequacy of the fuselage carry-
through structure. In many instances new and 
greater powered engine installations have 
already been approved for most of the current 
types of aircraft. The agent will be able to 
advise you on how information for these ap
provals may be obtained. 

(4) The engine mount will also have to be 
checked from the point of view of fitting the 
new engine type. If the proposed engine will 
fit the original engine mount, it may be used 
providing the engine weight and torque values 
do not exceed those of the original approved 
engine installation by the percentages given in 
items (1) and (2) above. Should the new mount 
be necessary, costly analysis may be eliminated 
by the following methods of construction. 

Usually the engine mount on the airplane will 
not accommodate the proposed engine installa
tion without some modifications even though 
the weight and torque differences fall within 
acceptable limits. In general, the old mount 
may be used if the geometry of the mount is 
not materially changed and the weight and 
torque limits are met. Drilling new mounting 

holes or adding new lugs would not be con
sidered a material change. 

If the old mount will accommodate the new 
engine but is not considered strong enough, 
then a good rule to follow is to use the old 
mount as a pattern and make up a new mount, 
using the next larger tube size, i. e., either 
larger diameter or greater wall thickness. 
One procedure that is always satisfactory is 

to revise the mount in the manner considered 
necessary to accommodate the engine and then 
static test to limit load. If you don't have the 
necessary information to compute the loads, 
the CAA Engineering Representative will pro
vide you with this data. Where extreme modi
fications or extensive reinforcement of the 
mount are necessary, it is recommended that a 
new mount be designed. C A A personnel will 
be glad to give you assistance and recom
mendations. 

(5) A change in weight of the engines and/or 
the change in the c. g. location of the engines 
will affect t h e weight and balance of the air
plane. This possibility should be cheeked by 
making a weight and balance calculation, if 
either the weight or c. g. or both have been 
altered. Methods of computing the weight and 
balance of an airplane will be found in Civil 
Aeronautics Manual 18. 



Pilot Safety I tems 

4.0 General 
Restricted category aircraft operations are 

inherently hazardous; hence pilot safety is of 
paramount importance. Good visibility and 
proper location of instruments and controls are 
essential. Good ventilation is necessary so 
that the pilot shall not be subject to toxic or 
poisonous chemicals or fumes. Crash pro
tection also is of paramount importance. Ac
cident records and service experience definitely 
show the importance of the aforementioned 
items and these will now be discussed in detail. 
4.1 Visibility 
Safe operation at very low altitudes and in 

confined areas necessitates good visibility. 
Service experience indicates that a large number 
of collisions with ground objects could be at
tributed to poor visibility. The view forward 
and down, to the side, and forward and upward 
should be as unobstructed as possible. Nose 
high conditions when taxiing and at low speeds 
generally result in poor visibility straight for
ward. Nose wheel type aircraft usually afford 
better forward visibility than tail wheel type 
aircraft when taxiing. The vertical position 
of the pilot's seat also affects his forward visi
bility—it is generally desirable to have the seat 
as high as possible. Visibility is also affected 
by the fore and aft location of the pilot. So far 
as visibility alone is concerned; it is desirable 
to locate the pilot as far forward as possible. 
However, this might possibly result in some 
sacrifice of crash protection (refer to 4.60 
"Cockpit Design"). Balance, of course, must 
be given consideration in contemplated reloca
tions of the pilot's cockpit. 
For new designs, the following visibility 

limits are recommended: 
An unobstructed range of pilot view in an 

arc of 90° above and each side of the airplane 
center line and 20° from the horizontal down 
over the nose. 

These visibility limits should also be attained 
in old designs, if possible. Elevation of the 
pilot to attain better visibility can be accom

plished by any of several means, to wit: New 
seat design, extending seat legs but using same 
seat, and relocation of seat attachment fittings. 
The seat structure should have sufficient 
strength to withstand the following loads antici
pated in minor crash conditions: 

Forward = 6 X170= 1,020 pounds. 
Upward — 2 X170= 340 pounds. 
Sideward =1.5X170= 255 pounds. 
Downward =4.5X170= 765 pounds. 

The values of 6, 2, 1.5, and 4.5 are the design 
load factors anticipated for a so-called minor 
crash in the forward, upward, sideward, and 
downward directions. 
4.2 Location of Instruments 

Necessary instruments should be so located 
that the pilot can see them without moving his 
eyes too far each side from the direction of 
flight. Since flying close to the ground means 
frequent dodging of obstacles, the pilot must 
pay most attention to where lie is going and 
instruments should be located so as to demand 
as little eye-shifting as possible. If the pilot's 
position is relocated, instrument relocation also 
may be necessary. Effort should be made to 
eliminate unnecessary instruments and indi
cators. Obviously, the more instruments there 
are the longer it takes to read and identify them. 
It may be possible to make the instruments 
more easily readable by improving lighting and 
using contrasting paints. Plain and easily read 
markings showing maximum and minimum 
permissible operating conditions are recom
mended. 
4.3 Safety Belts and Harnesses 
Safety belts or harnesses will help to prevent 

serious injury to the pilot in the event of a 
crash by restraining him relative to the sur
rounding structure. A complete harness which 
restrains the pilot's lower body and his shoulders 
(and head) provides more protection than a belt 
alone. The belt will restrain the pilot in the 
seat though it may allow his upper body to 
pivot forward or sideward in the event of a bad 
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landing or crash. Safety belts and harnesses 
which have been approved by the Civil Aero
nautics Administration have adequate strength 
to resist loads from relatively severe crashes. 
C A A approved safety belts and harnesses 
should be installed and should preferably be 
new. Used belts and harnesses should be care
fully examined and if found glazed, with ragged 
edges or poor appearance they should be re
placed with TSO belts. Attachment fittings 
and their carrythrough to the primary structure 
should be as strong as the belts or harness. 
Attachment fittings, preferably full swiveling, 
should be located on the primary structure and 
in direct line with the expected direction of pull 
on the belt or harness. For example, shoulder 
harness upper fittings should be directly behind 
the wearer's shoulders and should be as strong 
as the harness. 
4.4 Toxic Materials, Venting of Cockpits, Etc. 
Most spraying or dusting materials are toxic 

and service records show that many accidents 
can be traced to impairment of pilot's faculties 
because of exposure thereto. Accordingly, if 
the dispense materials are toxic, special pre
cautions should be taken during flight as well as 
before and after the Alight. In any event, the 
material manufacturers' instructions on hand
ling materials should be studied with extreme 
care and followed carefully. 

Special efforts should be made to assure 
proper ventilation of the cockpit. Impact or 
scoop-type ventilators are desirable. These 
ventilators should be arranged to scoop fresh, 
clean air into the cockpit in large volume so that 
the air in the cockpit continually changes. 
Vents should be provided so that all the cockpit 
is supplied with fresh air and no dead air spaces 
should be permitted. Often an operator will 
simply remove doors or windows, thus increas
ing air circulation. This procedure is adequate 
for most installations; however, it may not be 
satisfactory if the dispensed materials are ex
ceptionally toxic. (Refer to suhsec. 2.45.) 
4.5 Protection Against Toxic Insecticides and 

Plant Killers 
The best protection against toxic materials 

is to avoid their inhalation or otherwise con
tacting the body. Ventilation as discussed 

above is probably the most effective means for 
protection. Often the ventilation provided is 
not adequate, or may be adequate in the air 
but not on the ground. Sometimes the pilot 
will fly through a previous swath to completely 
cover a field. Consideration should be given 
to the various possibilities and provision made 
in the design to account for and eliminate as 
many contacts as possible. The cockpit should 
be readily cleanable. Tank or hopper inlets 
and outlets should be located so as to minimize 
the possibility of toxic materials getting into 
the cockpit as a result of spilling, leakage, etc. 
Special goggles, clothing, gloves, etc., may be 
necessary for the pilot's protection. The mate
rial manufacturers' instructions here again 
must be followed with extreme care to provide 
the most protection. The United States De
partment of Agriculture requires labels on the 
containers to state the contents and toxicity 
of insecticides. These labels should be read 
carefully. 

4.6 Crash Protection 
Service records of both agricultural and per

sonal-type aircraft show that relatively minor 
crashes often result in serious or fatal injuries 
due to inadequate crash protection. Installa
tion of extra-strong safety belts and/or safety 
harness alone is not sufficient. Typical special 
precautions that may be advisable are as follows. 

4.60 Cockpit Design. The cockpit should 
be the "strong point" of the structure. The 
forward portion of the fuselage, wing panels 
and tail should have decreasing structural 
strength away from the cockpit. Cockpit 
tubing or other structure should be arranged 
to buckle outwardly instead of inwardly. Spe
cial consideration should be given to the design 
of all structure within range of the head, and 
instruments, sharp objects, etc., should be 
moved beyond range of the head. Sharp edges 
should be avoided and rubber padding should 
be used where necessary. It should be noted 
that parts and structure can be crushed in upon 
the pilot as well as pilot striking parts and 
structure due to his motion during a crash. 
Rudder pedals should be strong enough to sup
port the feet and the control column should be 
strong enough to resist buckling under heavy 
forward or side loads. Seats should be firmly 
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anchored to longitudinal members of the pri
mary structure. Floor structure should afford 
maximum protection for the feet. 
4.61 Overall Design. A strong keel or skid 

or similar additional structure under the fuse
lage permits the craft to slide instead of plow
ing into the ground in low-angle accidents; 
otherwise the bottom portions of the fuselage 
may gouge into the ground, causing extremely 
abrupt decelerations. To prevent the engine 
from driving into the cockpit, a heavy firewall 
may be advisable. Fuel tanks should prefer
ably be placed in the wing. A strong turnover 
structure should be provided. Landing gear 
should be designed to fail prior to failure of 
structure to which it is attached and the land
ing gear travel should be as large as possible 
for maximum energy absorption during hard 
landings. If possible, concentrated items such 
as hoppers, batteries, generators, and pumps 
should be located so that they will not strike 

the pilot if they break loose. Also, their sup
ports should be able to stand loads to be ex
pected in minor crashes. 
If the weight of an object is " X " then the 

loads that may be expected on the object in a 
minor crash are: 

Forward 6 times X. 
Sideward 1.5 times X. 
Downward 4,5 times X. 
Upward 2.0 times X. 

(The values of 6, 1.5, 4.5 and 2.0 are the 
design load factors anticipated in a so-called 
minor crash in the forward, sideward, down
ward, and upward directions, respectively.) 
For example, calculation of loads likely to 

act on a battery in a minor crash is as follows: 
Battery weight = 20 pounds. 
Forward load = 20X6= 120 pounds. 
Sideward load = 20X1.5=30 pounds. 
Downward load=20x4.5 = 90 pounds. 
Upward load=20X2.0 = 40 pounds. 



Electrical Systems 

5.0 Scope 
The material in this section is intended for 

restricted category aircraft operators who may 
have occasion to modify the electrical system 
in their aircraft. Recommended practice in 
electrical design, installation, and maintenance 
is presented in broad outline form, based on 
service experience with many types of civil air
craft. For additional information and/or 
recommendations concerning doubtful aspects 
of particular electrical installations, it is sug
gested that the operator contact the C A A 
Aviation Safety Agent, Engineering Repre
sentative, or the Aircraft Engineering Branch 
of the C A A regional office in his area. 
5.1 Electrical System Considerations 
5.10 General. Due to the flammable na

ture of many materials used in agricultural 
dusting and spraying operations, special cau
tion is required in the design, alteration and 
maintenance of electrical systems so that elec
trical ignition of fires is prevented. If im
properly designed or installed, any part of the 
electrical system, even though it performs a 
nonessential function, may start a fire which 
would endanger the entire airplane. Further, 
malfunctioning of this part might so affect the 
electrical system that essential functions cannot 
be performed. Consequently electrical equip
ment which is not essential to the intended 
operation should be disconnected as close to the 
power source as possible. 

5 . 1 1 Addition of New Circuits and Equip
ment. 

5 . 1 1 0 Power System Capacity. Before add
ing appreciable loads to the electric power 
system, it should be ascertained that the power 
handling capacity is still adequate. Unre
stricted loading of the original aircraft power 
sources might lead to electrical system failure 
under certain operating conditions, which 
would be hazardous when safety in flight re
quires that electrical power be available for 
some essential equipment. For generator bat
tery systems, the generator continuous rating 

should exceed the total continuous load by at 
least 2 5 percent, which is usually sufficient to 
keep the battery charged. Intermittent loads 
such as landing lights are not considered as part 
of the continuous load. 

5 . 1 1 1 Control Through the Master Switch. 
Sew circuits added to the electrical system 
should be connected to the power source in 
such manner that the master switch will be 
capable of interrupting these circuits in the 
event of an electrical fault of undetermined 
origin during flight, (Refer to subsection 
5 . 1 2 . ) 

5 . 1 1 2 Protection for New Circuits. Either a 
fuse or a circuit breaker should be installed in 
the positive ( + ) side of all electrical circuits. 
They should be accessible during flight for re
placement or resetting. Circuit breakers should 
be of the trip-free (nonoverride) type and should 
be as close to the power source as practical. 
They should be selected so that they trip the 
circuit before the wire begins to smoke, in case 
of an overload or short circuit. Circuits essen
tial to safety in flight should be provided with 
individual protection. This will avoid loss of 
essential functions due to failure of nonessential 
circuits. 

5 . 1 1 3 Switches. When separate control 
switches are installed, due consideration should 
be given to the type of load involved. For in
stance, in the case of lamp loads, the filaments, 
at the instant of the closing of the switch, will 
take an inrush current of 1 0 or more times the 
steady current. The switch used for this appli
cation should be rated adequately to prevent 
contact welding upon closure. Inductive loads, 
such as solenoids and relays, will cause arcing 
at the switch contacts when the switch is 
opened. Proper choice of switches for induc
tive loads will minimize pitting of the contacts, 
and thereby reduce the possibility of failure. 

5 . 1 2 Master Switch. A master switch should 
be provided which can disconnect all sources of 
electrical power in one operation. Thus, the 
source for a suspected electrical fire can be dis-
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connected quickly in an emergency. The 
switch should be located as close to the power 
sources as is practicable, for maximum effective
ness, and should be easily accessible In flight. 

5 . 1 3 Preventive Maintenance. 
(a) Frequent inspection of the electrical sys

tem, and replacement or repair when deficien
cies are found, will go a long way toward the 
elimination of fire hazards in airplanes. A sug
gested list of items to look for during these 
inspections is given below: 

( 1 ) Damaged or overheated equipment and 
wiring, or worn wiring insulation. 

( 2 ) Poor electrical bonding. 
( 3 ) Cleanliness of equipment and connec

tions. 
(4) Proper support of wiring and satisfac

tory- attachment to structure. 
( 5 ) Tightness of connections and terminals-
(6) Continuity of fuses and circuit break

ers. 
(7) Clearance or insulation of exposed 

terminals. 
5.2 Electrical Power Source Considerations 

5 . 2 0 General. It should be determined that 
the sources of electrical power have sufficient 
capacity to supply the electrical loads of the 
aircraft for the most unfavorable conditions 
of operation. The highest level of safety is 
provided by a generator-storage battery combi
nation operated in parallel, since two alternate 
sources of power are thereby available. The 
use of dry cell batteries to furnish power for 
essential equipment, such as position lights, is 
not recommended, since no simple reliable 
method exists for determining the condition of 
dry cell batteries before flight. 

5 . 2 1 Storage Batteries. 
(a) Storage batteries should be installed in 

such manner that— 
( 1 ) They are rigidly attached to the struc

ture by means of brackets and fittings of ade
quate strength. 

( 2 ) Ready ground inspection and servicing 
is possible. 

(3) They are enclosed in a container or 
compartment to prevent corrosive substances 
within the battery from coming in contact with 
aircraft structure. 

(4) A vent is provided in the upper part of 
the battery container or compartment, and a 
vent tube installed leading from the vent to a 
negative pressure area outside the airplane. 
If no charging generator is installed, the vent 
need not be provided. 

5 . 2 2 Generators. 
5 . 2 2 0 Wind-Driven Generators. Serious acci

dents have resulted from propeller blades failing 
during flight and damaging adjacent structure. 
Therefore, wind-driven generators should be 
located so that the extended propeller disk does 
not intersect pilot or passenger positions, unless 
suitable mechanical protection is provided. 
It is advisable to install a fuse or circuit 

breaker in the main generator circuit to prevent 
rapid battery discharge in case of generator con
trol failure. The fuse or circuit breaker should 
be rated high enough to prevent nuisance trip
ping at normal loads. 

5 . 2 2 1 Engine-Driven Generators. It should 
be ascertained that the generator to be used is 
suitable for installation on the particular engine 
in the aircrft. The generator overhang mo
ment and power demand should not exceed 
those for which the engine had been designed, 
and the voltage regulation equipment should 
be capable of satisfactory operation over the 
speed range of the engine. Information on 
these points can be obtained from the engine 
manufacturer or the local C AA office. 
Special care is required in the installation of 

generator cables at the generator terminal 
block. Insulation wear brought on by vibra
tion may cause short circuits which could by
pass voltage control equipment and result in 
dangerous overvoltage. Heavy insulating tub
ing and insulated barriers should be used on all 
generator wiring to avoid this possibility. 

5 . 2 2 2 Generator Control Equipment. 
(a) Generator controls are provided to per

form all or part of the following functions: 
( 1 ) Maintain essentially constant voltage, 

for operational drive speeds and generator loads. 
( 2 ) Disconnect generator from the battery 

when current flows in the reverse direction, 
such as occurs when the engine is cut in the 
case of an engine-driven generator. 

( 3 ) Limit the generator output to a safe 
value. 
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Nominal system voltage 
Allowable voltage drop 

Nominal system voltage 
Continuous 
operation 

Intermittent 
operation 

0.5 1 1 
2 

0.5 1 1 
2 

0.5 1 1 
2 

5 . 3 3 Electrical Terminals. Satisfactory ter
minal attachment is of primary importance 
and should be accomplished by the use of 
proper tools careful insertion of the stripped 
cable in the terminal. In general, the solder-
less type of swaged or staked terminals should 
be used, with insulating tubing placed over 
the metal barrel. 

5 . 3 4 Lights. 
5 . 3 4 0 Position Lights. When installed, posi

tion lights should conform to the standard 
configuration as herein described. When the 
airplane is in the normal flying position a 
forward red position light is displayed on the 
left wing and the forward green position light 
on the right wing; each showing unbroken 
light between two vertical planes whose di
hedral angle is 1 1 0 ° when measured to the 
left and right, respectively, of the airplane 
from dead ahead. Such forward position 
lights should be spaced laterally as far apart 
as practicable. One rear position light should 
be installed on the airplane at the rear and. 
as far aft as possible, and should show a white 
light visible aft throughout a dihedral angle 
of 1 4 0 ° bisected by a vertical plane through 
the longitudinal axis of the airplane. 

5 . 3 4 1 Tending Lights. Landing lights, when 
installed, should be so installed that no visible 
portion of the swept disk of any propeller 
on the airplane is illuminated thereby. The 
lights should bo so aimed that a minimum 
amount of glare is visible in the first pilot's 
seat. 

5 . 3 4 2 Instrument Lights. Instrument lights 
should be installed in a manner to preclude 
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Tfiis equipment is sometimes mounted within 
the end-bell of wind-driven generators. In 
the case of engine-driven generators, the con
trols are installed as a separate unit or units. 
Failure of one or more of these control ele

ments can be extremely hazardous, and every 
effort should be made to obtain a safe installa
tion. Locations which are well ventilated and 
have low vibration amplitudes (such as rigid 
structural members) should be used for mount
ing generator control equipment. 
5.3 Electrical Equipment Considerations 
5.30 General. In selecting aircraft electrical 

equipment, careful consideration should be 
given to the environmental conditions under 
which the equipment must function satisfac
torily. Many of these conditions, as listed in 
section 5.31, are peculiar to aircraft. Vibration 
in aircraft, has contributed to countless elec
trical equipment failures. It should be deter
mined that the equipment will not initiate a 
fire or explosion under normal or fault con
ditions. 
5.31. Environmental Conditions for Aircraft 

Electrical Equipment. 
(a) The following ranges of flight environ

mental conditions have been established for 
small aircraft: 

(1) TEMPERATURE 20° TO + 1 2 0 ° F. 
(2) ALTITUDE 0 TO 15,000 FEET. 
(3) HUMIDITY UP TO AND INCLUDING 95 PER

CENT AT 90° F . 
(4) ACCELERATION FUSELAGE AND ENGINES 6.6 G. 

(SHOCK). (MAX.). WING AND TAIL TIPS 
24.0 G. (MAX.) 

(5) VIBRATION. 5 TO 55 CYCLES PER SECOND 
WITH A DOUBLE AMPLITUDE 
OF JIO INCH. 

5.32 Electricabte Cable. Electrical cable 
meeting the performance requirements of speci
fication AX-J-C-48 (copper) and AN-C-151 
(aluminum) is satisfactory. 
5.320 Criteria for Selection of Cable. 
(a) The selected cable should not carry con

tinuously or intermittently current in excess of 
the ampere values indicated by curves 1, 2, 
and 3 of Fig. 11-1, "Electrical" Cable Chart" 
in C A M 18. 

(b) The voltage drop in the main power 
cables from the generators or the battery to the 
bus should not exceed 2 percent (2.0 percent) of 

the regulated voltage, when the generator is 
carrying rated current and the battery is being 
discharged at the 5-minute rate. 

(c) The voltage drop in the load circuits 
between the bus and the electrical equipment 
should not exceed the values shown in the 
following tabulation: 
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direct rays or reflections from interfering 
with the pilot's vision. 
5.35 Switches. Rheostats and Other Con-

trots. If switches, rheostats, circuit breakers, 
etc., are installed, they should be located so 
as to be easily visible and within convenient 
reach of the pilot or other member of the crew. 
Thev should be plainly marked to indicate 
their function. 
5.4 Electrical Installation Considerations 
5.40 General. It is emphasized that the 

best defense against the fire hazards of elec
trical arcing faults is an installation so protected 
mechanically that a fault cannot occur. Cir
cuit breakers and fuses, although they will 
finally clear the faulted circuit, will not neces
sarily prevent the generation of dangerous 
sparks. 

Special care should be exercised in the elec
trical system installation to prevent short cir
cuits due to vibration, insulation abrasion, im
proper clearances, detrimental fluids, adverse 
environmental conditions, etc. 
5.41 Cable Runs. Care should be exercised 

to provide adequate mechanical support for the 
cable to prevent relative motion between the 
cable and the structure. Cables should be 
supported to prevent excessive droop between 
point of support. 

5 .42 Bonding. If metal parts of the aircraft 
structure are isolated from each other by insu
lating materials, they may accumulate unequal 
static charges of electricity. Spark discharges 
are then possible from one metallic member to 
another which can ignite flammable fluids or 
dusts. 
This hazard can be eliminated by bonding 

(electrically connecting! all metal parts of the 
airplane which are normally unconnected to the 
structure or which do not make good connec

tion with the structure. Fabricated flexible 
jumpers, with terminal lugs at both ends, are 
available for this purpose. Good electrical 
contact is important, so that all contact surfaces 
should be clean and tight. Lockwashers should 
be provided to prevent loosening of connections 
due to vibration. 

5.43 Terminal Connections. Loose and dirty 
electrical connections increase the resistance at 
the faulty contact surfaces. When compara
tively high current flows through such connec
tions, local heating and arcing may result. All 
connections should be cleaned and carefully 
tightened upon installation, and then examined 
periodically for signs of loosening, dirt or cor
rosion. A particularly susceptible connection 
is the battery ground connection to the metallic 
structure. 
5.44 Drainage of Water. The accumulation 

of water within electrical equipment due to 
condensation will accelerate the progress of 
corrosion, leading to hazardous faults or mal
functioning. Therefore, adequate means of 
drainage should be provided, such as drain 
holes, drip loops, gaskets, etc., in all junction 
boxes, equipment, and cable bundles. 
5.45 Combustible Fluids, Vapor, and Dusts. 

A very important safety consideration is to 
design the installation so as to minimize, by 
sufficient separation, baffles, etc., the possibility 
of combustible fluids, vapors or dusts contacting 
electrical units. The installation of each unit 
carrying or containing combustibles should be 
examined to determine that, when it is in 
normal condition or when damaged, the fluid or 
vapor it contains will not come in contact with 
electrical equipment. 

Equipment which is subject to sparking 
during operation, such as relays and motors, 
should not be located in zones where a com
bustible atmosphere is likely to exist. 



Fire P r e v e n t i o n 

6.0 General 
Despite most careful precautions taken by 

operators of crop dusting or spraying airplane, 
fires continue to occur. In the majority of 
cases, these fires are the result of accidents in 
which the aircraft is damaged and subsequently 
catches fire. However, fires still occur in the 
air and on the ground. Certain precautionary 
measures which may be taken to reduce these 
hazards are given in the following sections. 
6.1 Sulfur Dust Fires 
Sulfur dust as used in sulfur dusting is very 

combustible. Sulfur itself has a very low 
ignition point and is highly combustible when 
atomized with air which occurs during dusting 
operations. Also, due to its excellent dielectric 
properties, sulfur picks up electric charges 
readily, which, under atmospheric conditions 
of low relative humidity, may result in com
bustion. There are actual cases of sulfur ignit
ing when thrown from a workman's shovel due 
to static electricity. Although such occurrences 
are rare, they serve as examples of how easily 
sulfur can be ignited. In the industrial hand
ling of sulfur (pulverizing, grinding, etc.) every 
effort is made to prevent the formation of a 
cloud of sulfur dust because of the danger of 
explosion. In airplane dusting operations, how
ever, reverse conditions exist since, generally 
speaking, the objective is to form a cloud of 
sulfur in order to distribute the insecticide 
widely. Obviously, the problem of fire preven
tion in sulfur dusting operations is more com
plicated than in industry. 

6.10 Miscellaneous. 
(a) The importance of using extreme care in 

sulfur dusting operations cannot be overempha
sized. Typical causes of sulfur fires and repre
sentative precautions are as follows: 

(1) Dusting with a dirty airplane coated 
with oil and sulfur dust is inviting trouble. 
Aircraft used for spreading sulfur should be 
kept as clean as possible at all times. 

(2) The engine exhaust system should be 
maintained free from leaks and the best grades 

of lubricating oil should be used in order to 
decrease carbon formation. 

(3) Care should be exercised while loading 
the hopper in order to prevent foreign matter 
such as wire, paper, etc., from getting in the 
hopper. Such foreign matter may cause a 
spark or clog the agitator shaft and cause it to 
overheat, thus starting a fire. 

(4) Smoking in the vicinity of sulfur dust 
should never be permitted. 

(5) Fires which occur while dusting with 
sulfur usually occur during conditions of low 
relative humidity. Relative humidity is usually 
lowest during the late morning and early after
noon. Therefore, as a further precaution against 
sulfur dust fires, dusting should be done only 
in the early morning or late evening, preferably 
during the early morning. 

(6) The throttle should not be opened sud
denly except in case of emergency. A sudden 
blast of exhaust frequently throws sparks from 
the exhaust into the dust swath. 
Due to the fact that the pullup at the end of 

the field directs the exhaust downward toward 
the dust swath, it is also suggested that the 
hopper gate be closed prior to effecting the 
pullup at the end of the field to minimize the 
possibility of fire. This may reduce the effi
ciency of the dusting operations slightly, how
ever, the pilot can always make a trip across 
the ends to spread dust on the parts of the field 
missed by closing the gfue early. 

(7) Compartments where dust might col
lect should be ventilr ted and be free of ignition 
sources such as e1 v trical circuits unless special 
provisions are u „de to prevent sparks from 
short circuits or other sources such as unsealed 
circuit break*-,. 

(8) The hazards of dusting with sulfur 
must not be minimized because of previous 
favorable experience. Remember, it takes only 
one act of carelessness or inattention to cause a 
disastrous fire. 
6.11 Sparks From the Engine Exhaust. Fires 

due to hot carbon sparks from the engine 
exhaust can, of course, be prevented by keeping 

47 
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t h e e x h a u s t d i s c h a r g e a n d s u l f u r d u s t a p a r t . 
T h e e n g i n e e x h a u s t s y s t e m s h o u l d b e so 
a r r a n g e d t h a t it wi l l n o t d i s c h a r g e e x h a u s t 
g a s e s u n d e r o r a l o n g t h e b o t t o m of t h e a i r p l a n e . 
S u l f u r wi l l i g n i t e a t a t e m p e r a t u r e of a p p r o x i 
m a t e l y 5 0 0 ° F . , d e p e n d i n g u p o n i t s f o r m . T h e 
t e m p e r a t u r e of t h e e x h a u s t g a s e s f r o m a n a i r 
c r a f t e n g i n e is , in g e n e r a l , a b o u t 1500° F . w h e n 
d i s c h a r g e d f r o m t h e c y l i n d e r . A l t h o u g h t h e 
g a s e s wi l l cool c o n s i d e r a b l y in t h e e x h a u s t 
m a n i f o l d a n d wil l cool f u r t h e r u p o n c o m i n g in 
c o n t a c t w i t h t h e o u t s i d e a i r . p o t e n t i a l fire 
h a z a r d s s t i l l ex i s t . I t is t h e r e f o r e d e s i r a b l e t o 
p l a c e t h e e x h a u s t o u t l e t a s f a r a w a y f r o m t h e 
p a t h of t h e s u l f u r d i s c h a r g e a s p o s s i b l e . T h e 
e x h a u s t d i s c h a r g e s h o u l d , in a d d i t i o n , b e so 
d i r e c t e d t h a t it wi l l n o t b e b l o w n i n t o t h e d u s t 
s w a t h w h e n a p u l l u p is e f fec ted . T h e m o s t 
s a t i s f a c t o r y l o c a t i o n for t h e e x h a u s t is a b o v e 
t h e t o p w i n g of t h e a i r p l a n e w i t h t h e o u t l e t 
d i r e c t e d o u t w a r d a n d u p w a r d . 

6 .12 Static Electricity. Al l a i r c r a f t e n g a g e d 
in s p r e a d i n g s u l f u r d u s t s h o u l d be c o m p l e t e l y 
b o n d e d b y c o n n e c t i n g al l m e t a l p a r t s w i t h 
e l e c t r i c a l c a b l e a n d a l so s h o u l d b e p r o v i d e d 
w i t h s h a r p p o i n t e d s t a t i c d i s c h a r g e r o d s o n 
e a c h w i n g t i p in o r d e r t o p r o v i d e t h e m a x i m u m 
of p r o t e c t i o n a g a i n s t a s p a r k d i s c h a r g e . C o m 
p l e t e b o n d i n g ( refer t o s u b s e c . 5 .421 of a n 
a i r p l a n e wi l l p r e v e n t d i f f e rences in e l e c t r i c a l 
p o t e n t i a l b e t w e e n v a r i o u s m e t a l p a r t s a n d wil l 
t h e r e b y p r e v e n t s p a r k s f r o m o c c u r r i n g b e t w e e n 
t h e s e p a r t s . F o r t h i s r e a s o n , e v e n t h o u g h it is 
s o m e t i m e s no t pos s ib l e o r p r a c t i c a b l e t o c o m 
p l e t e l y b o n d a l l p a r t s of t h e w i n g s a n d ta i l 
s u r f a c e s , a t l e a s t t h e fuse lage aft a n d in t h e 
v i c i n i t y of t h e h o p p e r , t h e s t r u t s a n d fittings 
a d j a c e n t t o t h e h o p p e r a n d t h e h o p p e r i tself 
s h o u l d b e b o n d e d . 

6 .13 Pressure Between the Hopper Gates and 
Their Guide Channels. F i r e s o f t en o c c u r a t t h e 
e n d of a s w a t h w h e n t h e g a t e is s l a m m e d s h u t 
t o c u t off t h e flow of su l fu r . T h e p r e s s u r e ex
e r t e d b y t h e g a t e on su l fu r d u s t w h i c h h a s 
c o l l e c t e d in t h e g u i d e c h a n n e l s m a y c a u s e suffi
c i e n t f r i c t i on t o i g n i t e t h e d u s t . 

T o a v o i d t h i s , t h e h o p p e r g a t e s h o u l d b e 
well fitted t o i t s g u i d e c h a n n e l s in s u c h a m a n 
n e r t h a t it will n o t b i n d a n d t h a t a c c u m u l a t i o n 
of su l fu r d u s t in t h e c h a n n e l s will b e m i n i m i z e d . 
F u r t h e r , b o t h e n d s of t h e g u i d e c h a n n e l s s h o u l d 

b e o p e n in o r d e r t h a t s u c h d u s t a s a c c u m u l a t e s 
t h e r e c a n b e s w e p t o u t w h e n t h e g a t e is a c t u 
a t e d . I t m a y b e d e s i r a b l e t o p r o v i d e s m a l l fe l t 
p a d s o n t h e e n d of t h e g a t e t o k e e p t h e d u s t 
b r u s h e d o u t of t h e c h a n n e l s . T h e u s e of fer
r o u s m e t a l s for h o p p e r g a t e s m u s t b e a v o i d e d 
d u e t o t h e p o s s i b i l i t y of s t r i k i n g a s p a r k w h e n 
t h e g a t e is a c t u a t e d . A n a l u m i n u m a l l o y g a t e 
is p r e f e r r e d o v e r o t h e r n o n f e r r o u s m a t e r i a l s d u e 
t o i t s e x c e l l e n t h e a t c o n d u c t i n g p r o p e r t i e s , 
w h i c h t e n d t o p r e v e n t h e a t g e n e r a t e d a t a 
g i v e n p o i n t f r o m r e m a i n i n g l o c a l i z e d . W o o d 
is a n u n s a t i s f a c t o r y m a t e r i a l f r o m t h e s t a n d 
p o i n t of h e a t c o n d u c t i v i t y . H e a t g e n e r a t e d 
b y f r i c t ion b e t w e e n a w o o d g a t e a n d i t s g u i d e 
c h a n n e l s will t e n d t o r e m a i n l o c a l i z e d , a n d 
m a y r e a c h v a l u e s su f f i c ien t ly h i g h t o i g n i t e 
s u l f u r d u s t . 

6.14 Poorly Designed or Improperly Fitted 
Agitator Shafts. A g i t a t o r s h a f t b e a r i n g s a r e 
f r e q u e n t l y n o t l u b r i c a t e d p r o p e r l y a n d a r e n o t 
s e a l e d a g a i n s t t h e e n t r y of s u l f u r d u s t . O n 
s o m e i n s t a l l a t i o n s t h e h o p p e r s a g s w h e n l o a d e d 
a n d c a u s e s t h e s h a f t t o b i n d in i t s b e a r i n g s . A 
s h a f t o p e r a t i n g u n d e r t h e s e c o n d i t i o n s wi l l f re 
q u e n t l y o v e r h e a t , a n d m a y r e a d i l y r e a c h t e m 
p e r a t u r e s su f f i c ien t ly h i g h t o i g n i t e t h e s u l f u r 
t h a t h a s c o l l e c t e d in a n d a r o u n d t h e b e a r i n g s . 

A g i t a t o r s h a f t b e a r i n g s s h o u l d b e s e a l e d 
a g a i n s t t h e e n t r y of su l fu r d u s t a n d p r o v i d e d 
w i t h s ea l ed t y p e b e a r i n g s o r e lse m a d e a c c e s 
s ib le for l u b r i c a t i o n . T h e i n s t a l l a t i o n s h o u l d 
b e so d e s i g n e d t h a t s a g g i n g of t h e h o p p e r wil l 
n o t c a u s e t h e b e a r i n g s t o b i n d . 

T h e r e s h o u l d b e suff ic ient c l e a r a n c e b e t w e e n 
t h e a g i t a t o r b l a d e s a n d t h e s i d e s of t h e h o p p e r 
t o p r e c l u d e t h e p o s s i b i l i t y of t h e b l a d e s s t r i k i n g 
t h e h o p p e r . H o w e v e r , t h e c l e a r a n c e s h o u l d 
n o t b e e x c e s s i v e ; o t h e r w i s e d u s t m a y p a c k u p 
o n t h e s i d e w a l l s of t h e h o p p e r , t h e r e b y r e s u l t i n g 
in f r i c t i on h a z a r d s . 

6 .15 Sparks Caused by the Tail Skid While 
Taxiing. S p a r k s c a u s e d f r o m t h e t a i l s k i d 
s t r i k i n g s t o n e s o r o t h e r o b j e c t s o n t h e g r o u n d 
p r o b a b l y c a n n o t b e a v o i d e d . H o w e v e r , t h e 
fire h a z a r d c a n b e r e d u c e d b y k e e p i n g t h e a i r 
p l a n e fuse l age , i n t e r i o r , a n d e x t e r i o r , t a i l s u r 
faces , e t c . . free f r o m su l fu r d u s t . 

6 .16 Inadequate Ventilation. I t is t h e ex
p e r i e n c e of n u m e r o u s o p e r a t o r s t h a t i m p r o p e r l y 
d e s i g n e d v e n t i l a t i n g s y s t e m s d e f e a t t h e p u r p o s e 
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for w h i c h t h e y a r c i n t e n d e d , in t h a t e n t r a n c e 
of d u s t ( i n s t e a d of c l e a n a i r ) is f a c i l i t a t e d . 
O b v i o u s l y , a p o o r v e n t i l a t i n g s y s t e m is w o r s e 
t h a n n o n e a t a l l . A p r o p e r l y d e s i g n e d v e n 
t i l a t i n g s y s t e m r e q u i r e s a d e q u a t e a n d p r o p e r l y 
l o c a t e d d u c t s . If c l o s e d s p a c e s c a n n o t b e p r o p 
e r l y v e n t i l a t e d , i t m i g h t b e a d v i s a b l e t o c lose 
t h e m off e n t i r e l y . A c c e s s o p e n i n g s s h o u l d b e 
p r o v i d e d for i n s p e c t i o n a n d r e m o v a l of d u s t . 
D e t a c h a b l e c o v e r i n g a l so m a y h e p r a c t i c a b l e 
for t h i s p u r p o s e . 

T h e d e s i g n a n d p o s i t i o n of t h e v e n t u r i is 
i m p o r t a n t in c o n n e c t i o n w i t h k e e p i n g t h e a i r 
p l a n e free f r o m d u s t . T h e v e n t u r i s h o u l d b e 
d e s i g n e d a n d p o s i t i o n e d o n t h e a i r p l a n e so t h a t 
t h e flow of d u s t wil l b e d i r e c t e d d o w n w a r d a n d 
c l e a r of t h e a i r p l a n e . A v e n t u r i e m b o d y i n g a 
flat u p p e r s u r f a c e a n d a c a m b e r e d l o w e r s u r f a c e 
w i t h a p r o g r e s s i v e l y i n c r e a s i n g d r o o p a t t h e 
t r a i l i n g e d g e m a y p r o v e he lp fu l . 

6 .17 Fuselage and Tail Surface Covering. In 
o r d e r t o p r e v e n t , o r a t l e a s t d e l a y b u r n i n g of t h e 
a i r c r a f t if t h e d i s c h a r g e d su l fu r d u s t s h o u l d 
i g n i t e , t h e e n t i r e l o w e r p o r t i o n of t h e f u s e l a g e 
af t of t h e h o p p e r s h o u l d b e c o v e r e d w i t h t h i n 
g a g e m e t a l o r p l y w o o d . If i t is i m p r a c t i c a l t o 
c o v e r t h i s a r e a c o m p l e t e l y , a t l e a s t t h e l o w e r 
s u r f a c e of t h e f u s e l a g e in t h e v i c i n i t y a n d 3 fee t 
a f t of t h e h o p p e r o p e n i n g s h o u l d b e so c o v e r e d . 
T h e r e m a i n i n g a r e a s of t h e fuse l age a n d t a i l 
s u r f a c e s s h o u l d b e f in i shed w i t h a c e t a t e d o p e . 

T h e a f o r e m e n t i o n e d m e t h o d s of c o v e r i n g t h e 
fuse l age wi l l n o t p r e v e n t t h e s u l f u r d u s t f r o m 
c a t c h i n g f ire . H o w e v e r , in t h e e v e n t t h a t a l l 
o t h e r p r e c a u t i o n s h a v e fa i led a n d t h e s u l f u r 
a n d t h e n c e t h e a i r c r a f t d o e s c a t c h fire, t h e 
p i l o t wil l b e a c c o r d e d a d d i t i o n a l v a l u a b l e t i m e 
in w h i c h t o effect a l a n d i n g . 

6.2 Combustible Liquid Spraying 
T h e a f o r e m e n t i o n e d c o n s i d e r a t i o n s c o n c e r n 

i n g su l fu r d u s t i n g fires, in g e n e r a l , a r e a l so 
c o n s i d e r e d a p p l i c a b l e t o c o m b u s t i b l e l i q u i d 
i n s e c t i c i d e s . T h e m a t e r i a l p e r t a i n i n g t o c a r e 
l e s s n e s s , s p a r k s f r o m e n g i n e e x h a u s t , s t a t i c 
e l e c t r i c i t y , v e n t i l a t i o n , a n d f u s e l a g e a n d t a i l 
c o v e r i n g is c o n s i d e r e d p a r t i c u l a r l y p e r t i n e n t . 
O t h e r i t e m s c o n s i d e r e d a p p l i c a b l e t o c o m b u s 
t i b l e l i q u i d i n s e c t i c i d e s a r e as f o l l o w s : 

6 . 2 0 Lines Containing Flammable Fluids. 
All l i n e s c a r r y i n g flammable fluids s h o u l d b e of 
m a t e r i a l h a v i n g a r e s i s t a n c e t o fire e q u i v a l e n t 
t o t h a t of a l u m i n u m a l l o y s . H o s e a n d c l a m p 
t y p e c o n n e c t i o n s s h o u l d n o t b e u s e d i n l i n e s 
w h i c h a r e u n d e r p r e s s u r e . W h e r e a l i n e o p e r 
a t e s u n d e r p r e s s u r e a c o n n e c t i o n h a v i n g fire 
r e s i s t a n c e e q u i v a l e n t t o t h e r e m a i n d e r of t h e 
l i n e s h o u l d b e u s e d . 

6 . 2 1 Compartments Containing Flammable 
Liquids. C o m p a r t m e n t s c o n t a i n i n g f l a m m a b l e 
l i q u i d c o n t a i n e r s o r l i n e s w h i c h c a r r y flammable 
l i q u i d s s h o u l d b e v e n t i l a t e d a n d d r a i n e d w i t h 
c a r e so t h a t a c o m b u s t i b l e m i x t u r e is n o t l i k e l y 
t o a c c u m u l a t e . Al l p a r t s of t h e c o m p a r t m e n t 
s h o u l d b e b o n d e d e l e c t r i c a l l y t o p r e v e n t t h e 
p o s s i b i l i t y of s p a r k s i g n i t i n g a n y c o m b u s t i b l e 
l i q u i d o r m i x t u r e t h a t m i g h t a c c u m u l a t e . I n 
a d d i t i o n , t h e s e c o m p a r t m e n t s s h o u l d b e f ree of 
i g n i t i o n s o u r c e s s u c h a s e l e c t r i c a l c i r c u i t s a n d 
j u n c t i o n b o x e s w h e n e v e r p o s s i b l e . 

6 . 2 2 Fluid Skutojff Provisions. V a l v e s o r 
o t h e r m e a n s of s h u t t i n g off t h e flow of c o m 
b u s t i b l e l i q u i d s in t h e e v e n t of a fire s h o u l d b e 
p r o v i d e d . T h e s e v a l v e s s h o u l d b e l o c a t e d a s 
n e a r t h e t a n k a s p r a c t i c a b l e . 
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Weight and Ba lance 

7.0 General 
As p o i n t e d o u t in s u b s e c t i o n 1.0, w e i g h t is a n 

i m p o r t a n t f a c t o r in a i r c r a f t d e s i g n . N o r m a l l y , 
a n a i r p l a n e is d e s i g n e d for c e r t a i n o p e r a t i o n s in 
f l ight a n d l a n d i n g s a t al l g r o s s w e i g h t s u p t o i t s 
m a x i m u m a p p r o v e d v a l u e . F o r e x a m p l e , if a n 
a i r p l a n e h a s a m a x i m u m a p p r o v e d w e i g h t of 
2 . 0 0 0 p o u n d s , t h e n t h a t a i r p l a n e c a n b e o p e r 
a t e d s a f e l y a t all w e i g h t s u p t o i t s m a x i m u m 
a p p r o v e d v a l u e of 2 , 0 0 0 p o u n d s . If t h e 2 ,000 
p o u n d s v a l u e w e r e e x c e e d e d , t h e n i t s s t r e n g t h 
l i m i t s w o u l d p r o b a b l y b e e n c r o a c h e d u p o n a n d 
i t s r a t e of c l i m b , t akeof f d i s t a n c e , l a n d i n g d i s 
t a n c e , a n d o t h e r p e r f o r m a n c e w o u l d p r o b a b l y 
b e a d v e r s e l y a f f ec t ed . A c c o r d i n g l y , t h e o p e r 
a t o r s h o u l d m a i n t a i n c lose w e i g h t c o n t r o l t o 
a v o i d e x c e e d i n g m a x i m u m w e i g h t s w h e r e p r a c 
t i c a b l e . F u r t h e r m o r e , a c c u r a t e b a l a n c e r e c o r d s 
s h o u l d be m a i n t a i n e d fo r e a c h i t e m of w e i g h t 
r e m o v e d o r a d d e d t o t h e a i r c r a f t a n d p e r t i n e n t 
b a l a n c e c o m p u t a t i o n s s h o u l d s h o w t h a t t h e 
c e n t e r of g r a v i t y s t a y s w i t h i n t h e a p p r o v e d 
c e n t e r of g r a v i t y r a n g e . I n t h e e v e n t t h a t c o n 
t e m p l a t e d c h a n g e s in l o a d i n g d i s t r i b u t i o n c a n 
n o t b e m a d e w i t h o u t e x c e e d i n g a p p r o v e d l i m i t s , 
t h e c o n t e m p l a t e d c h a n g e i n l o a d i n g s h o u l d b e 
r e v i s e d a c c o r d i n g l y , o r else f l ight t e s t s s h o u l d 
b e m a d e t o m a k e s u r e t h e r e wil l b e n o u n s a f e 
c o n d i t i o n . 

7.1 General Effects of Gross Weight Changes 
W h e n a n a i r p l a n e is d e s i g n e d u n d e r t h e a i r 

w o r t h i n e s s s t a n d a r d s of t h e C i v i l A i r R e g u l a 
t i o n s o r of t h e m i l i t a r y s e r v i c e s , t h e a i r c r a f t 
s t r u c t u r e is d e s i g n e d for a speci f ic m a x i m u m 
m a n e u v e r i n g l o a d f a c t o r a t a specif ic m a x i m u m 
g r o s s w e i g h t . T h e w e i g h t s e l e c t e d b y t h e d e 
s i g n e r is g e n e r a l l y t h e m a x i m u m w e i g h t c o n 
s i s t e n t w i t h h i g h o v e r a l l p e r f o r m a n c e a n d coii-
s is t .ent w i t h t h e p u r p o s e for w h i c h t h e a i r p l a n e 
is t o b e u s e d . T h e l o a d f a c t o r u s e d i n t h e d e 
s ign , o n t h e o t h e r h a n d , is b a s e d o n e x p e r i e n c e 
a n d r e p r e s e n t s t h e u p p e r l i m i t e x p e c t e d in t h e 
n o r m a l o p e r a t i o n of t h e p a r t i c u l a r a i r p l a n e in 
t h e c o u r s e of p e r f o r m i n g t h e t a s k s for w h i c h i t 
w a s d e s i g n e d . 

W h e n t h e d e s i g n l o a d f a c t o r — d e s i g n g r o s s 
w e i g h t r e l a t i o n s h i p is m o d i f i e d a n d t h e g r o s s 
w e i g h t is i n c r e a s e d a b o v e i t s d e s i g n v a l u e , a n 
o p e r a t o r m u s t c o n s i d e r t h e ef fec ts r e s u l t i n g f r o m 
s u c h a m o d i f i c a t i o n if h e is t o m a i n t a i n a sa fe 
o p e r a t i o n . E x c e s s i v e o v e r l o a d i n g is t o b e 
s t r o n g l y d i s c o u r a g e d a n d i t is r e c o m m e n d e d 
t h a t o v e r l o a d g r o s s w e i g h t s u s e d for a p a r t i c u l a r 
a i r p l a n e b e chosen so a s t o p e r m i t s a f e o p e r a t i o n 
u n d e r a l l n o r m a l a n d e m e r g e n c y c o n d i t i o n s . 
S o m e of t h e ef fec ts of g r o s s w e i g h t c h a n g e s o n 
t h e s t r e n g t h of t h e a i r c r a f t s t r u c t u r e a n d o n 
p o s s i b l e m a n e u v e r s a r e d i s c u s s e d b e l o w . A 
c h a r t s h o w i n g g r o s s w e i g h t i n c r e a s e s t h a t m a y 
b e u s e d w i t h c a u t i o n v e r s u s t h e o r i g i n a l a i r 
p l a n e d e s i g n m a n e u v e r i n g l o a d f a c t o r is p r e 
s e n t e d in F i g u r e 7 - 1 . T h i s c h a r t wi l l b e u s e f u l 
a s a g u i d e t o p o s s i b l e m a x i m u m p e r c e n t a g e 
w e i g h t i n c r e a s e p a r t i c u l a r l y f r o m a w i n g 
s t r e n g t h p o i n t of v i e w w h e n t h e a i r p l a n e d e s i g n 
l i m i t m a n e u v e r i n g l o a d f a c t o r is k n o w n . F o r 
e x a m p l e , a n a i r p l a n e d e s i g n e d o r i g i n a l l y f o r a 
l i m i t l o a d f a c t o r of 4 .4 ( t h i s c o r r e s p o n d s t o t h e 
m i n i m u m l o a d f a c t o r fo r a C A R 3 u t i l i t y c a t e 
g o r y a i r p l a n e ) c o u l d b e o v e r l o a d e d a s m u c h a s 
3 1 p e r c e n t of i t s n o r m a l g r o s s w e i g h t w i t h 
r e a s o n a b l e s a f e t y p r o v i d e d t h e a i r p l a n e is flown 
in a r e s t r i c t e d m a n n e r a n d a l l s e v e r e m a n e u v e r s 
a r e a v o i d e d . I f t h e l o a d f a c t o r d a t a fo r any-
p a r t i c u l a r a i r p l a n e a r e n o t a v a i l a b l e , s u c h i n 
f o r m a t i o n c a n b e r e a d i l y s e c u r e d f r o m t h e a i r 
p l a n e m a n u f a c t u r e r o r m a y b e o b t a i n e d i n s o m e 
c a s e s f r o m y o u r C A A A v i a t i o n S a f e t y A g e n t . 

7 .10 Effects of Gross Weight Changes on Air
craft Structure. T h e l a n d i n g g e a r a n d i t s s u p 
p o r t i n g s t r u c t u r e a r e p a r t i c u l a r l y c r i t i c a l if l a n d 
i n g s a r e t o b e m a d e a t g r o s s w e i g h t s in e x c e s s of 
t h e d e s i g n w e i g h t . P a r t i c u l a r c a u t i o n s h o u l d 
he e x e r c i s e d in m a k i n g l a n d i n g s w i t h t h e a i r 
p l a n e o v e r l o a d e d in o r d e r t o k e e p t h e v e r t i c a l 
d e s c e n t v e l o c i t y o r s i n k i n g s p e e d a s l o w a s 
p o s s i b l e so a s t o k e e p w i t h i n t h e o r i g i n a l d e s i g n 
l i m i t s . S i n c e t h e l o a d f a c t o r d e v e l o p e d in l a n d 
i n g is a f u n c t i o n of t h e d e s c e n t v e l o c i t y a n d t h e 
l a n d i n g w e i g h t , t h e p i lo t c a n k e e p t h e l o a d f a c t o r 
d e v e l o p e d w i t h i n r e a s o n a b l e l i m i t s b y c o n t r o l -
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s h o u l d b e n o t e d h e r e t h a t t h i s c h a r t d o e s n o t 
ref lect t h e effects of a i r p l a n e s p e e d o r r a d i u s 
of t u r n . 

T o p r e v e n t t h e p o s s i b i l i t y of e n c o u n t e r i n g 
g u s t l o a d s in e x c e s s of t h e d e s i g n l o a d s , t h e 
l eve l flight s p e e d a n d t h e n e v e r - e x c e e d s p e e d 
s h o u l d b e r e d u c e d w h e n t h e a i r p l a n e is l o a d e d 
a b o v e i t s n o r m a l g r o s s w e i g h t . I f t h e s e s p e e d s 
a r e r e d u c e d b y t h e r a t i o W ( spec i f i ca t ion g r o s s 
w e i g h t ) AY ( n e w g r o s s w e i g h t ) , n o d i f f icu l ty 
s h o u l d b e e x p e r i e n c e d f r o m t h i s s o u r c e . I n n o 
e v e n t , h o w e v e r , n e e d t h e s e s p e e d s b e r e d u c e d 
b e l o w t h e d e s i g n m a n e u v e r i n g s p e e d , Y„. F o r 
s o m e p a r t i c u l a r a i r p l a n e s t h e a b o v e r a t i o m a y 
b e u n d u l y c o n s e r v a t i v e a n d d e v i a t i o n s f r o m 
t h e r e c o m m e n d e d p r a c t i c e m a y b e n e c e s s a r y . 
T h e m a i n p o i n t t o r e m e m b e r h e r e is t h a t d u e 
t o t h e r e d u c e d l o a d f a c t o r a s s o c i a t e d w i t h o v e r 
l o a d c o n d i t i o n , c a u t i o n m u s t b e exe rc i s ed in a l l 
flights a t t h e h i g h e r s p e e d s a n d t h a t s o m e r e 
d u c t i o n of t h e d e s i g n s p e e d s is n e c e s s a r y for 
safe o p e r a t i o n . 

P u l l - u p s a t s p e e d s in excess of t h e d e s i g n 
m a n e u v e r i n g s p e e d s h o u l d b e c o n d u c t e d w i t h 
e x t r e m e c a u t i o n s o a s n o t t o e x c e e d t h e r e d u c e d 
o v e r l o a d l o a d f a c t o r . S e v e r e p u l l - u p s s h o u l d 
b e m a d e o n l y w h e n t h e m a n e u v e r i n g s p e e d , V p . 
is less t h a n t h e v a l u e g i v e n b y t h e fo l l owing 
e x p r e s s i o n : 

V , = 17 
S 

w h e r e n a n d \Y a r e t h e l oad f a c t o r a n d g r o s s 
w e i g h t r e s p e c t i v e l y c o r r e s p o n d i n g t o t h e o r i g 
i n a l d e s i g n c o n d i t i o n a n d S is t h e w i n g a r e a . 
If s e v e r e p u l l - u p s a r e o n l y m a d e a t s p e e d s less 
t h a n t h i s v a l u e , t h e a i r p l a n e will s t a l l be fo re 
r e a c h i n g t h e r e d u c e d o v e r l o a d l o a d f a c t o r . 
T h i s s p e e d m a y a l so b e u s e d a s a m e a s u r e of 
t h e s p e e d b e y o n d w h i c h full d i s p l a c e m e n t of 
t h e c o n t r o l s u r f a c e s s h o u l d b e a v o i d e d so t h a t 
t h e y will no t b e o v e r l o a d e d . 

7.2 Weight and Balance Computations 
C i v i l A e r o n a u t i c s M a n u a l 18 . " M a i n t e n a n c e . 

R e p a i r , a n d A l t e r a t i o n of C e r t i f i c a t e d A i r c r a f t , 
E n g i n e s . P r o p e l l e r s , a n d I n s t r u m e n t s . " d i s 
c u s s e s w e i g h t a n d b a l a n c e c o n t r o l a n d c o m p u 

t a t i o n s in d e t a i l . C A M 18 c o n t a i n s c o m p l e t e 
w e i g h i n g p r o c e d u r e s , m e t h o d s of c o m p u t i n g 
w e i g h t s a n d b a l a n c e , a n d m e a n s of e s t a b l i s h i n g 
l o a d i n g s c h e d u l e s . D e f i n i t i o n s of t h e v a r i o u s 
t e r m s u s e d in w e i g h t a n d b a l a n c e p r o b l e m s a r e 
de f ined . M e a n s of c o m p u t i n g c e n t e r of g r a v i t y 
l o c a t i o n s a n d w e i g h t s of t h e a i r p l a n e i n c l u d i n g 
a l l of i t s p a r t s a n d e q u i p m e n t a r e a l so i n c l u d e d . 
S e c t i o n 2 .315 of t h i s g u i d e d i s c u s s e s in d e t a i l 
m e a n s of d e t e r m i n i n g t h e c e n t e r of g r a v i t y of 
h o p p e r s a n d t a n k s , 

7.3 Effect of c. g. Position on Structural 
Strength 

I n g e n e r a l , if t h e c e n t e r of g r a v i t y of t h e 
l o a d e d a i r p l a n e l ies w i t h i n t h e a p p r o v e d c. g . 
r a n g e a s g i v e n in t h e C A A s p e c i f i c a t i o n fo r t h e 
a i r p l a n e , t h e n t h e s t r u c t u r a l s t r e n g t h of t h e 
a i r c r a f t will b e a f fec ted o n l y b y t h e a i r p l a n e 
w e i g h t . If, h o w e v e r , t h e c. g . l i m i t s a r e e x 
c e e d e d t h e n t h e s t r u c t u r a l s t r e n g t h m a y b e 
a d v e r s e l y a f fec ted . C e r t a i n e x a m p l e s r e l a t i v e 
t o l a n d i n g g e a r l o a d s a r e a s f o l l o w s : 

7 .30 Effect of c. g. Position- on Nose Wheel 
and Forward Fuselage Loadings. T h e n o s e 
w h e e l l o a d s a r e i n c r e a s e d a s t h e c. g. is m o v e d 
f o r w a r d . I n s o m e i n s t a n c e s , r e l a t i v e l y s m a l l 
m o v e m e n t s of t h e c e n t e r of g r a v i t y m e a n l a r g e 
c h a n g e s in n o s e w h e e l l o a d ; t h e r e f o r e , a n y 
m o v e m e n t of t h e c e n t e r of g r a v i t y f o r w a r d of 
t h e f o r w a r d l i m i t g i v e n o n t h e a i r p l a n e s p e c i 
fication m a y r e q u i r e s t r u c t u r a l i n v e s t i g a t i o n of 
t h e effects of c h a n g e in n o s e w h e e l l o a d i n g . 
O p e r a t i o n of a g r i c u l t u r a l a i r c r a f t f r o m r o u g h 
t e r r a i n a g g r a v a t e s t h i s s i t u a t i o n . S t r u c t u r a l 
i n v e s t i g a t i o n of b o t h t h e n o s e w h e e l g e a r a n d 
t h e f o r w a r d p o r t i o n of t h e fuse lage s h o u l d b e 
m a d e if t h e f o r w a r d p o s i t i o n of t h e c. g . a p p r e c i 
a b l y e x c e e d s t h e s p e c i f i c a t i o n l i m i t . 

7 .31 Effect of c. g. Position on Tail Wheel 
Strength. T h e c o n s i d e r a t i o n s for t h e n o s e w h e e l 
c o v e r e d in 7.30 a r e a l so c o n s i d e r e d a p p l i c a b l e 
t o t h e t a i l w h e e l . 

7 .32 Effect of c. g. Position on Main Wheel 
Loads. D e s i g n l o a d s o n t h e m a i n w h e e l s a r e 
i n d e p e n d e n t of c. g . p o s i t i o n ; t h e r e f o r e a n y 
effects h e r e a r e l i m i t e d t o t h o s e f r o m w e i g h t 
i n c r e a s e s o n l y . 



Powerp lant Instal lat ion 

8.0 Scope 
T h e p o w e r p l a n t i n s t a l l a t i o n i n c l u d e s p r i 

m a r i l y t h a t p o r t i o n of t h e a i r c r a f t w h i c h fu r 
n i s h e s t h e m o t i v e p o w e r . T h i s i n c l u d e s , a m o n g 
o t h e r i t e m s , t h e e n g i n e , e n g i n e c o w l i n g , f i r ewal l , 
p r o p e l l e r , fuel s y s t e m , oi l s y s t e m , c o o l i n g s y s 
t e m , a n d e x h a u s t s y s t e m ; t h e r e l a t e d a c c e s 
s o r i e s , c o n t r o l s a n d i n s t r u m e n t s ; a n d t h e a t 
t a c h m e n t of t h e s e i t e m s to t h e s t r u c t u r e of t h e 
a i r c r a f t . T h e i n s t a l l a t i o n u s u a l l y c o n s i s t s of 
al l p a r t s f o r w a r d of t h e f i r ewa l l a s wel l a s t h e 
s u p p l y a n d c o n t r o l s y s t e m s t o t h e r e a r of t h e 
f i rewal l . F o r i n s t a n c e , fuel t a n k s a n d s t r a p s 
s u p p o r t i n g t h e t a n k s a s we l l a s c o c k p i t c o n t r o l s 
for o p e r a t i n g t h e e n g i n e a r e i n c l u d e d . 

A i r w o r t h i n e s s E v a l u a t i o n . — T o e v a l u a t e t h e 
a i r w o r t h i n e s s of a p o w e r p l a n t i n s t a l l a t i o n in a n 
a i r c r a f t , c o n s i d e r a t i o n s h o u l d b e g i v e n to t h e 
d e s i g n a n d c o n s t r u c t i o n d e t a i l s , t h e o p e r a t i n g 
c h a r a c t e r i s t i c s , a n d f e a t u r e s i n c o r p o r a t e d t o 
p e r m i t m a i n t a i n i n g t h e c o n t i n u e d a i r w o r t h i n e s s 
of t h e i n s t a l l a t i o n . T h e o b j e c t i v e is t o a c h i e v e 
s a t i s f a c t o r y p o w e r p l a n t o p e r a t i o n u n d e r t h e 
a t m o s p h e r i c c o n d i t i o n s , a l t i t u d e s , a n d m a n e u 
v e r s t o b o e n c o u n t e r e d in g r o u n d a n d flight 
o p e r a t i o n . 

8.1 Engines 
E n g i n e s s h o u l d b e a t y p e t h a t h a s b e e n c e r 

t i f i c a t ed b y t h e C i v i l A e r o n a u t i c s A d m i n i s t r a 
t i o n . C i v i l A e r o n a u t i c s A d m i n i s t r a t i o n e n g i n e 
s p e c i f i c a t i o n s , w h i c h a r e a v a i l a b l e t o t h e p u b l i c 
s p e c i f y t h e p o w e r , s p e e d a n d o t h e r l i m i t a t i o n s 
w h i c h a p p l y t o e a c h e n g i n e m o d e l . T h e e n g i n e 
s h o u l d b e m o u n t e d in s u c h a m a n n e r t h a t i t 
wi l l o p e r a t e p r o p e r l y u n d e r all n o r m a l c o n d i 
t i o n s a n d s o t h a t e x c e s s i v e v i b r a t i o n is n o t 
t r a n s m i t t e d t h r o u g h t h e m o u n t i n g t o t h e a i r 
p l a n e s t r u c t u r e . M o s t e n g i n e s h a v e p r o v i s i o n s 
f o r t h e u s e of v i b r a t i o n i s o l a t i n g r u b b e r b u s h i n g s . 

8.2 Propellers 
P r o p e l l e r s u s e d in c iv i l a i r c r a f t s h o u l d be 

t y p e s t h a t h a v e b e e n c e r t i f i c a t e d b y t h e C i v i l 
A e r o n a u t i c s A d m i n i s t r a t i o n . T h e p r o p e l l e r 
s p e c i f i c a t i o n s i s s u e d b y t h e C i v i l A e r o n a u t i c s 

A d m i n i s t r a t i o n l i s t t h e p r o p e l l e r r a t i n g s i n 
t e r m s of h o r s e p o w e r a n d r e v o l u t i o n s p e r 
m i n u t e . T h e y a l so l i s t , in a f ew i n s t a n c e s , 
t h e m a x i m u m c y l i n d e r b o r e of t h e e n g i n e o n 
w h i c h t h e p r o p e l l e r is e l ig ib le for u s e . T h e 
e n g i n e r a t i n g s a n d b o r e m u s t n o t e x c e e d t h e 
v a l u e s for w h i c h t h e p r o p e l l e r is a p p r o v e d . 
S p e c i f i c a t i o n s for c o n s t a n t - s p e e d p r o p e l l e r s a n d 
m o s t c o n t r o l l a b l e p r o p e l l e r s a l so l i s t a p p r o v e d 
a c c e s s o r i e s s u c h a s g o v e r n o r s , e t c . 

A l t h o u g h a p r o p e l l e r m a y b e s a t i s f a c t o r y fo r 
use i n s o f a r a s t h e p r o p e l l e r a n d e n g i n e r a t i n g s 
a n d b o r e a r e c o n c e r n e d , t h e a i r p l a n e p e r f o r m 
a n c e , w e i g h t a n d b a l a n c e , a n d t h e p r o p e l l e r 
c l e a r a n c e s m u s t a l s o b e c o n s i d e r e d . I n t h e c a s e 
of p r o p e l l e r s w i t h m e t a l b l a d e s , t h e v i b r a t i o n 
c h a r a c t e r i s t i c s of t h e e n g i n e - p r o p e l l e r c o m b i 
n a t i o n a r e a l so of p r i m a r y i m p o r t a n c e . 

8 .20 Propeller Vibration. T o d e t e r m i n e 
t h a t t h e v i b r a t i o n c h a r a c t e r i s t i c s of t h e p r o p e l 
l e r a r e s a t i s f a c t o r y in a n y g i v e n i n s t a l l a t i o n , 
t h e b l a d e - v i b r a t i o n s t r e s s m u s t b e m e a s u r e d 
d u r i n g o p e r a t i o n . P a s t e x p e r i e n c e h a s i n d i 
c a t e d t h a t t h i s p r o c e d u r e i s n e c e s s a r y w i t h a l l 
p r o p e l l e r s e x c e p t w o o d t y p e s . I n s o m e c a s e s 
i t i s p o s s i b l e t o d e t e r m i n e t h e effect of c h a n g e s , 
o r s l i g h t l y n e w c o m b i n a t i o n s , b y g r o u n d t e s t s 
o r c o m p a r i s o n s w i t h p r e v i o u s d a t a , b u t in m o s t 
c a s e s flight t e s t s for t h i s p u r p o s e a r e n e c e s s a r y . 
T h e p r o p e l l e r m a n u f a c t u r e r s h a v e t h e s t r e s s -
m e a s u r i n g e q u i p m e n t n e c e s s a r y t o a c c o m p l i s h 
t h e s e t e s t s . F a t i g u e d u e t o v i b r a t i o n is t h e 
m o s t f r e q u e n t c a u s e of p r o p e l l e r f a i l u r e s . V i 
b r a t i o n i m p u l s e s c a n b e c a u s e d b y v a r i o u s 
i r r e g u l a r i t i e s of a i r f low, b u t t h e s e a r e u s u a l l y 
i m p o r t a n t o n l y for v e r y l a r g e d i a m e t e r p r o 
p e l l e r s of a p p r o x i m a t e l y 13 fee t a n d o v e r . 
E n g i n e p o w e r i m p u l s e s , h o w e v e r , a r e t h e m a i n 
c a u s e of p r o p e l l e r v i b r a t i o n . V i b r a t i o n , if c o n 
t i n u e d a t t h e n a t u r a l f r e q u e n c y of t h e p r o p e l l e r , 
m a y c a u s e p r o p e l l e r f a i l u r e a f t e r a f ew h o u r s . 
M e t a l p r o p e l l e r s m u s t t h e r e f o r e n e v e r b e u s e d 
w i t h o u t a s c e r t a i n i n g f r o m t h e C i v i l A e r o n a u t i c s 
A d m i n i s t r a t i o n w h e t h e r t h e v i b r a t i o n c h a r a c 
t e r i s t i c s of t h e e n g i n e - p r o p e l l e r c o m b i n a t i o n 

55 



56 AIRCRAFT AIRWORTHINESS RESTRICTED CATEGORY CAM 8 

a r e a p p r o v e d . E a c h e n g i n e h a s a c r i t i c a l r a n g e 
of o p e r a t i o n for e a c h t y p e of p r o p e l l e r w i t h 
w h i c h i t is c o m b i n e d . If t h i s r a n g e is in t h e 
n o r m a l , e n g i n e - o p e r a t i n g r a n g e , a p l a c a r d is 
r e q u i r e d t o c a u t i o n t h e p i lo t a g a i n s t o p e r a t i n g 
in t h e d a n g e r o u s r a n g e a n d t h e t a c h o m e t e r 
s h o u l d b e m a r k e d w i t h a r e d a r c in t h i s r a n g e . 

8 .21 Propeller Pitch and Speed Limitations. 
I n t h e c a s e of f i x e d - p i t c h a n d g r o u n d - a d j u s t -
a b l e - p i t c h p r o p e l l e r s , t h e fo l l owing i n f o r m a t i o n 
is d e t e r m i n e d a t t h e t i m e t h e a i r p l a n e is t y p e 
c e r t i f i c a t e d , a n d is i n c l u d e d in t h e a i r p l a n e 
s p e c i f i c a t i o n : 

S t a t i c r . p . m . ' s a t m a x i m u m - p e r m i s s i b l e -
t h r o t t l e s e t t i n g . 

( X o t less t h a n _ _ _ r . p . m . ) 
( X o t m o r e t h a n r . p . m . ) 

P r o p e l l e r d i a m e t e r , 
( X o t l e s s t h a n i nches - ) 
( X o t m o r e t h a n i n c h e s . ) 

T h e s e d a t a s e r v e t o i n s u r e c o m p l i a n c e w i t h 
m i n i m u m p e r f o r m a n c e r e q u i r e m e n t s , p a r t i c u 
l a r l y t akeof f a n d first m i n u t e c l i m b a n d will 
a l so a s s u r e a g a i n s t t h e p o s s i b i l i t y of o v e r s p e e d -
i n g d u r i n g takeof f o r i n a power-of f d i v e . 
X o r m a l l y , p r o p e l l e r s m a d e of w o o d wi l l r e q u i r e 
a d i f fe ren t r a n g e of s t a t i c r . p . m . ' s l i m i t s t h a n 
m e t a l p r o p e l l e r s . 

8 .22 Propeller Replacements. G e n e r a l l y , 
fixed-pitch o r g r o u n d - a d j u s t a b l e - p i t c h p r o p e l 
l e r s w h i c h fall w i t h i n t h e s e l i m i t s s h o u l d p r o 
v i d e s a t i s f a c t o r y p e r f o r m a n c e . I n r e p l a c i n g 
p r o p e l l e r s o r a l t e r i n g t h e p i t c h so t h a t t h e 
s t a t i c r . p . m . ' s a n d d i a m e t e r l i m i t s a r e n o 
l o n g e r c o m p l i e d w i t h , t h e a i r p l a n e s h o u l d b e 
p u t t h r o u g h t h e f o l l o w i n g s i m p l e f l ight t e s t s t o 
a s s u r e t h a t s a f e t y h a s n o t h e e n s a c r i f i c e d : 

( a ) T a k e o f f w i t h full t h r o t t l e o r t h e m a x i -
m u m ' - a l l o w a b l e - m a n i f o l d p r e s s u r e , a n d c l i m b 
a t t h e b e s t - r a t e - o f - c l i m b s p e e d . ( T h e b e s t -
r a t e - o f - c l i m b s p e e d for s o m e a i r p l a n e s is g i v e n 
in T a b l e 9 1.) If t h e b e s t - r a t e - o f - c l i m b s p e e d 
is n o t k n o w n , it m a y b e e s t i m a t e d as ft s p e e d 
o n e - t h i r d of t h e w a y b e t w e e n t h e power -of f 
s t a l l i n g s p e e d a n d t h e m a x i m u m level - f l ight 
s p e e d . T h e e n g i n e r . p . m . s h o u l d n o t exceed 
t h e r a t e d r . p . m . d u r i n g t h i s t e s t . 

( b ) W i t h t h e t h r o t t l e c lo sed d i v e t h e a i r p l a n e 
a t 110 p e r c e n t of t h e m a x i m u m level - f l ight 
s p e e d . T h e e n g i n e r. p . m . s h o u l d no t exceed 

110 p e r c e n t of t h e m a x i m u m c o n t i n u o u s r a t e d 
e n g i n e s p e e d in t h i s t e s t . 

(c) C l i m b t h e a i r p l a n e a t full t h r o t t l e o r t h e 
m a x i m u m a l l o w a b l e m a n i f o l d p r e s s u r e a t m a x i 
m u m g r o s s w e i g h t a n d a t t h e s p e e d m e n t i o n e d 
in i t e m (a) a b o v e . T y p i c a l r a t e s of c l i m b 
w h i c h s h o u l d b e o b t a i n a b l e for v a r i o u s t y p e s of 
a i r p l a n e s a r e s h o w n in T a b l e 9 - 1 . 

L i k e w i s e , in t h e c a s e of c o n t r o l l a b l e a n d 
c o n s t a n t - s p e e d p r o p e l l e r s , t h e a i r c r a f t speci f i 
c a t i o n wi l l list t h e p r o p e l l e r d i a m e t e r a n d t h e 
s e t t i n g s a t w h i c h t h e b l a d e s t o p s s h o u l d b e se t 
in o r d e r t o a s s u r e c o n f o r m a n c e w i t h m i n i m u m 
p e r f o r m a n c e r e q u i r e m e n t s . T h e d i a m e t e r a n d 
s t o p l i m i t s a r e g i v e n for e a c h specif ic c o n t r o l l a 
b l e a n d cons t a n t - s p e e d p r o p e l l e r w h i c h l ias b e e n 
a p p r o v e d for u s e on t h e a i r p l a n e . If t h e s e 
s e t t i n g s a r e c h a n g e d , t h e s u i t a b i l i t y of t h e n e w 
s e t t i n g s s h o u l d b e c h e c k e d in t h e s a m e m a n n e r 
as d e s c r i b e d a b o v e for fixed-pitch p r o p e l l e r s . 
O n c o u r s e , in s e l e c t i n g p r o p e l l e r s , ca re fu l c o n 
s i d e r a t i o n s h o u l d b o g i v e n t o t h e p r o v i s i o n of 
a d e q u a t e c l e a r a n c e b e t w e e n t h e p r o p e l l e r a n d 
t h e g r o u n d a n d b e t w e e n t h e p r o p e l l e r a n d 
a i r p l a n e s t r u c t u r e . 

8 .23 Propeller Clearances. F o r l a n d p l a n e s 
w i t h t a i l w h e e l t y p e l a n d i n g g e a r , t h e m i n i m u m 
s a t i s f a c t o r y c l e a r a n c e b e t w e e n t h e p r o p e l l e r a n d 
g r o u n d is g e n e r a l l y c o n s i d e r e d t o b e 9 i n c h e s 
w i t h t h e a i r p l a n e in a h o r i z o n t a l p o s i t i o n a n d 
t h e l a n d i n g g e a r de f l ec t ed u n d e r t h e m o s t 
f o r w a r d c e n t e r of g r a v i t y p o s i t i o n w i t h t h e 
m a x i m u m g r o s s w e i g h t of t h e a i r p l a n e for 
takeoff . I n a d d i t i o n t o t h i s , c o n s i d e r a t i o n 
s h o u l d b e g i v e n t o h o w m u c h t h i s c l e a r a n c e 
will he d e c r e a s e d w i t h s m a l l e r a n g u l a r d i s p l a c e 
m e n t s of t h e e n g i n e n o s e b e l o w t h e h o r i z o n t a l 
p o s i t i o n t o g e t h e r w i t h t h e s m o o t h n e s s a n d 
s u r f a c e c o n d i t i o n s of t h e r u n w a y s f r o m w h i c h 
o p e r a t i o n is a n t i c i p a t e d . 

T h e m i n i m u m c l e a r a n c e b e t w e e n t h e p r o 
pe l le r a n d t h e e n g i n e , e n g i n e c o w l i n g , a n d o t h e r 
p a r t s of t h e a i r p l a n e is d e p e n d e n t u p o n t h e 
r e l a t i v e m o v e m e n t p r e s e n t a n d t h e effect it 
p r o d u c e s u p o n t h e v i b r a t i o n c h a r a c t e r i s t i c s of 
t h e p r o p e l l e r . W i l l i t h e m o s t a d v e r s e r e l a t i v e 
m o v e m e n t of t h e p a r t s , t h e p r o p e l l e r s h o u l d 
c l e a r t h e e n g i n e p a r t s a n d c o w l i n g b y a t l e a s t 
Yt i n c h , a n d o t h e r p o r t i o n s of t h e a i r p l a n e b y a t 
leas t 1 i n c h . 
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a i r c r a f t , a n e x c e s s of v e n t i l a t i o n a n d , if n e c e s 
s a r y , s o m e d e g r e e of i s o l a t i o n o r c o v e r i n g is 
u s u a l l y suff ic ient , d e p e n d e n t u p o n t h e a r r a n g e 
m e n t of t h e d e s i g n . F o r e x a m p l e , w h e n a fuel 
t a n k of loss t h a n 20 g a l l o n s is u n d e r n e a t h t h e 
i n s t r u m e n t p a n e l in a s m a l l a i r c r a f t , a d e q u a t e 
v e n t i l a t i o n is c o n s i d e r e d suff ic ient s a f e t y p r o 
v i s ion w i t h o u t a n y e x t r a c o v e r i n g o t h e r t h a n 
t h a t n o r m a l l y p r o v i d e d . W i t h l a r g e a i r c r a f t , 
r o u t i n g t h e fuel l i ne s t h r o u g h t h e c e n t e r s e c t i o n 
o r t h e fuse l age p o r t i o n of t h e a i r p l a n e m a y 
r e q u i r e s p e c i a l c o n s i d e r a t i o n . I n s o m e c a s e s , 
t h e u s e of a n e x t r e m e l y r e l i a b l e t y p e of fuel 
l i ne w i t h n o c o n n e c t i o n s s u b j e c t e d t o m o t i o n 
a n d t h e l ine r i g i d l y a t t a c h e d t o p r i m a r y p o r t i o n s 
of t h e s t r u c t u r e m a y b e a c c e p t a b l e . I n o t h e r 
e a s e s , a d e f i n i t e t u n n e l m a y s o m e t i m e s b e n e c e s 
s a r y t o p r o v i d e p r o p e r i s o l a t i o n a n d v e n t i l a t i o n 
fo r t h e l ine . 

8 .302 Fuel-System Operation. T h e fuel s y s 
t e m s h o u l d feed suff ic ient fuel t o o p e r a t e all 
eng i t i e s s a t i s f a c t o r i l y a t t h e i r t akeof f p o w e r 
u n d e r all n o r m a l a t t i t u d e s of flight, i n c l u d i n g 
m o d e r a t e r o l l i n g o r s i d e s l i p p i n g , d o w n to t h e 
u n u s a b l e - f u e l - s u p p l y l eve l of t h e fuel t a n k . 
T h e s y s t e m s h o u l d s h o w n o a i r l o c k i n g o r v a p o r 
l o c k i n g t e n d e n c i e s w i t h i n t h e r a n g e of a t t i t u d e s 
a n d a l t i t u d e s u n d e r w h i c h t h e a i r p l a n e is t o b e 
o p e r a t e d . T h e s y s t e m s h o u l d a l so feed p r o m p t l y 
a f t e r o n e t a n k h a s r u n d r y a n d a n o t h e r t a n k is 
t u r n e d o n . I t s h o u l d n o t t a k e m o r e t h a n 10 
s e c o n d s t o r e g a i n p o w e r a f t e r s w i t c h i n g t o t h e 
full t a n k . 

E a c h t a n k s h o u l d p r e f e r a b l y feed f r o m a 
s ing le o u t l e t l o c a t e d so as t o b e b e l o w t h e fue l 
l eve l in a n y n o r m a l flight m a n e u v e r . I f t w o 
o u t l e t s a r e u s e d , c a r e m u s t b e t a k e n t o a s s u r e 
t h a t t h e r e is no p o s s i b i l i t y of a i r l o c k i n g or 
f a i l u r e t o feed w i t h a l o w fuel s u p p l y . 

8 .3020 Auxiliary Tanks. A u x i l i a r y fuel s u p 
p l i es m a y b e m a i n t a i n e d b y m e a n s of s e p a r a t e 
r e s e r v e t a n k s , o r b y s t a n d p i p e s in t h e m a i n t a n k . 
S t a n d p i p e s , h o w e v e r , a r e n o t r e c o m m e n d e d 
b e c a u s e e x p e r i e n c e w i t h m a n y i n s t a l l a t i o n s of 
t h i s t y p e h a s d e m o n s t r a t e d t h a t t h e y m a y b e a 
h a z a r d t o p i l o t s no t t h o r o u g h l y f a m i l i a r w i t h 
t h e a i r p l a n e . A r e l i a b l e f u e l - q u a n t i t y g a u g e 
w i t h a l o w level w a r n i n g m a r k is c o n s i d e r e d 
s i m p l e r a n d m o r e d e s i r a b l e t h a n t h e u s e of a 
s t a n d p i p e . H o w e v e r , if a s t a n d p i p e is u s e d , 
a n d if t h e m a i n fuel s u p p l y is t o b e d r a w n f r o m 
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8.3 Fuel and Oil Systems 
8.30 Fuel System. A n a i r c r a f t fuel s y s t e m 

m u s t p r o v i d e for t h e s t o r a g e of t h e r e q u i r e d 
a m o u n t of fuel w i t h i n t h e a i r c r a f t s t r u c t u r e , a n d 
for t h e d e l i v e r y of t h e fuel t o t h e c a r b u r e t o r a t 
t h e p r o p e r r a t e a n d p r e s s u r e . T h e s y s t e m m u s t 
b e r e l i ab l e u n d e r all c o n d i t i o n s of flight a n d , 
i n s o f a r a s p o s s i b l e , s i m p l e in o p e r a t i o n . 

8 .300 Fuel-System Hazards. T h e g r e a t e s t 
c a r e s h o u l d b e exe rc i s ed t o m a i n t a i n t h e fuel 
s y s t e m in a c o n d i t i o n t h a t will e l i m i n a t e h a z a r d s 
a r i s i n g f r o m fire a n d e n g i n e f a i l u r e . T h e fo l low
ing a r c s o m e of t h e m o r e c o m m o n f u e l - s y s t e m 
f a c t o r s w h i c h m a y c a u s e fires a n d e n g i n e 
f a i l u r e s : 

(a) F i r e s d u e t o l e a k a g e , f u m e s , insuf f ic ien t 
v e n t i l a t i o n a n d d r a i n a g e , c a r b u r e t o r f lood ing , 
o v e r p r i n t i n g , b a c k f i r e s , i m p r o p e r t a n k v e n t i l a 
t i o n , o r p r o x i m i t y t o h o t s p o t s s u c h as e x h a u s t 
m a n i f o l d , e x h a u s t d i s c h a r g e , e l e c t r i c s p a r k s o r 
a r c i n g . 

(b) E n g i n e f a i l u r e s d u e t o w a t e r , d i r t , o r 
fore ign m a t t e r in t h e s y s t e m , v a p o r l o c k , a i r 
lock , insuf f ic ien t fuel p r e s s u r e , i m p r o p e r f u n c 
t i o n i n g of f u e l - s y s t e m c o n t r o l s , o r i n a c c u r a t e 
fuel g a g e r e a d i n g s . 

8.301 Fuel-System Arrangement. E x p e r i e n c e 
h a s i n d i c a t e d t h a t t h e m o s t r e l i a b l e t y p e of fuel 
s y s t e m is o n e i n c o r p o r a t i n g p r o v i s i o n for feed
i n g e a c h e n g i n e f r o m o n l y o n e t a n k a t a t i m e , 
r e g a r d l e s s of w h e t h e r a g r a v i t y s y s t e m o r a fuel-
p u m p s y s t e m is e m p l o y e d . I t is , of c o u r s e , 
n e c e s s a r y t h a t a d e q u a t e p r e c a u t i o n bo t a k e n 
to i n s u r e t h a t t h e o u t l e t s of fuel t a n k s a r e n o t 
u n c o v e r e d in m a n e u v e r s . W h e n t w o t a n k s a r e 
u s e d a t t h e s a m e t i m e w i t h a p r e s s u r e fuel 
s y s t e m , it h a s boon f o u n d difficult t o a s s u r e t h a t 
fuel will feed e v e n l y f r o m e a c h t a n k a n d h e n c e 
t h e t a n k w h i c h is e x h a u s t e d first m a y a i r lock 
t h e s y s t e m . A g a i n , w h e n t w o t a n k s a r e u s e d 
a t t h e s a m e t i m e w i t h a g r a v i t y s y s t e m , w i t h o u t 
i n t e r c o n n e c t i n g t h e i r v e n t s , a d i f fe rence in 
p r e s s u r e a t t h e v e n t s cat) c a u s e flow of fuel 
b e t w e e n t h e t a n k s a n d e i t h e r e a r l y e x h a u s t i o n 
of t h e fuel f r o m o n e t a n k o r o v e r f l o w f r o m t h e 
o t h e r t a n k , c o n s t i t u t i n g a fire h a z a r d . 

X o p o r t i o n of a fuel s y s t e m s h o u l d b e l o c a t e d 
in t h e s a m e c o m p a r t m e n t as t h e p i lo t o r c a r g o 
u n l e s s s u i t a b l e p r o v i s i o n s a r e t a k e n t o g u a r d 
a g a i n s t t h e h a z a r d s w h i c h m i g h t b e p r o d u c e d 
b y f u e l - s y s t e m l e a k a g e s . I n t h e ca se of s m a l l 
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a n o u t l e t c o n s i d e r a b l y a b o v e t h e b o t t o m of a 
t a n k , t h e r e s e r v e o r b o t t o m o u t l e t s h o u l d b e 
m a r k e d for u s e in all t a k e o f f s a n d l a n d i n g s . 

8 .3021 Auxiliary Pumps. A u x i l i a r y p u m p s 
( h a n d w o b b l e o r e l e c t r i c a l l y o p e r a t e d ) s h o u l d 
b e s l e e t e d a n d t e s t e d for t h e i r a b d i t y t o feed 
fuel a t t h e s a m e r a t e of flow a s is r e q u i r e d for 
t h e m a i n p u m p s . M o r e o v e r , t h e r e q u i r e d flow 
f r o m t h e h a n d - o p e r a t e d p u m p s h o u l d b e d e 
l i v e r e d w i t h o u t excess p h y s i c a l effort w h e n t h e 
h a n d l e is o p e r a t e d a t 120 o n e - w a y s t r o k e s p e r 
m i n u t e . T h e a u x i l i a r y p u m p s h o u l d b e in 
s t a l l e d so t h a t it m a y b e r e a d i l y o p e r a t e d 
a f t e r f a i l u r e of t h e m a i n p u m p w i t h o u t t h e 
n e c e s s i t y of o p e n i n g o r c lo s ing a n y v a l v e s in t h e 
s y s t e m . A t t e n t i o n s h o u l d a l so b e g i v e n t o t h e 
l o c a t i o n of t h e h a n d - o p e r a t e d p u m p to a s s u r e 
t h a t in o p e r a t i n g t h e p u m p t h e p i lo t wil l n o t 
b e a b l e i n a d v e r t e n t l y t o s t r i k e o r o p e r a t e a n y 
o t h e r c o n t r o l w i t h h i s h a n d , a r m , o r s l e e v e . 

8 .3022 Transfer Tank*. T r a n s f e r t a n k s u s e d 
t o feed m a i n t a n k s s h o u l d m e e t t h e r e q u i r e 
m e n t s of m a i n t a n k s e x c e p t a s t o t h e fuel feed , 
w h i c h m a y b e b a s e d o n m a x i m u m c o n t i n u o u s 
p o w e r a n d s p e e d i n s t e a d of t akeof f p o w e r a n d 
s p e e d s ince s u c h t a n k s a r e n o t n o r m a l l y i n 
t e n d e d for u s e in t akeof f o r l a n d i n g . S u c h 
fuel feed m a y b e a c c o m p l i s h e d b y m e a n s of 
g r a v i t y , b y a n e l ec t r i c p u m p o r b y a h a n d p u m p . 
If t h e t r a n s f e r t a n k s a r e i n t e n d e d for u s e in 
l eve l flight o n l y , t h e y s h o u l d b e p r o p e r l y 
p l a c a r d e d t o r e s t r i c t t h e i r u s e a c c o r d i n g l y . 

8 .303 Fuel-Flow Fate for Grarity-Feed Sys
tems. T h e a d v a n t a g e s of t h e g r a v i t y s y s t e m , 
in u s e o n a l a r g e n u m b e r of l o w - p o w e r e d a i r 
p l a n e s , a r e i t s s i m p l i c i t y a n d r e l i a b i l i t y . T h i s 
t y p e of s y s t e m w o u l d a l so b e d e s i r a b l e for use 
in h i g h e r - p o w e r e d a i r p l a n e s if it w e r e n o t for 
t h e fac t t h a t t h e p r e s s u r e s a n d flow r a t e s 
r e q u i r e d e x c e e d t h o s e t h a t a g r a v i t y - f e e d s y s 
t e m c a n s u p p l y . T h e a c t u a l p r e s s u r e a v a i l a b l e 
f rom a g r a v i t y s y s t e m c a n b e c a l c u l a t e d a t 
a p p r o x i m a t e l y 1 p . s. i. fo r e a c h 40 i n c h e s 
h e a d of fuel . T h u s , it m a y b e e s t i m a t e d t h a t 
a v e r t i c a l h e a d of 120 i n c h e s of fuel is n e c e s s a r y 
t o p r o d u c e a d e l i v e r y p r e s s u r e a t t h e c a r b u r e t o r 
of 3 p . s. i. T h i s is o b v i o u s l y m o r e h e a d t h a n 
is a v a i l a b l e in a n y a i r p l a n e a n d is t h e r e a s o n 
w h y g r a v i t y feed c a n n o t b e u s e d if a n y a p p r e 
c i a b l e p r e s s u r e is r e q u i r e d for t h e c a r b u r e t o r . 

T o d e t e r m i n e w h e t h e r a g r a v i t y s y s t e m will 
p r o v i d e t h e flow r e q u i r e d for t h e e n g i n e i n 
s t a l l e d , a flow t e s t s h o u l d b e c o n d u c t e d in t h e 
f o l l o w i n g m a n n e r , w i t h t h e e n t i r e fuel s y s t e m 
as i n s t a l l e d in t h e a i r p l a n e : 

(a) B l o c k t h e a i r p l a n e o n t h e g r o u n d w i t h 
t h e t h r u s t l ine a t t h e b e s t a n g l e of c l i m b w i t h 
takeof f p o w e r . T h i s a n g l e m a y b e d e t e r m i n e d 
b y flight t e s t o r c a l c u l a t i o n a n d u s u a l l y i s i n 
e x c e s s of t h e t h r e e - p o i n t - l a n d i n g a t t i t u d e . 

(b) T h e flow s h o u l d b e m e a s u r e d a t t h e 
c a r b u r e t o r in le t a n d r e s t r i c t e d a t t h a t p o i n t t o 
t h e m i n i m u m o p e r a t i n g p r e s s u r e fo r a s a t i s 
f a c t o r y takeof f m i x t u r e a s r e c o m m e n d e d b y t h e 
c a r b u r e t o r a n d e n g i n e m a n u f a c t u r e r s . (If a 
r e d u c i n g n i p p l e is e m p l o y e d a t t h e c a r b u r e t o r 
i n l e t , t h e flow s h o u l d b e m e a s u r e d t h r o u g h t h e 
n i p p l e . ) A s a t i s f a c t o r y m e t h o d of r a i s i n g t h e 
p r e s s u r e a t t h e c a r b u r e t o r i n l e t t o t h e m i n i 
m u m o p e r a t i n g p r e s s u r e , is t o d i s c o n n e c t t h e 
fue l - feed l ine , a t t h e c a r b u r e t o r a n d r a i s e i t a n 
a m o u n t e q u a l t o t h e r e q u i r e d m i n i m u m o p e r a t 
ing p r e s s u r e . T h i s p r e s s u r e s h o u l d b e def i 
n i t e l y a s c e r t a i n e d for t h e specif ic c a r b u r e t o r in 
q u e s t i o n , a n d t h e C i v i l A e r o n a u t i c s A d m i n i s 
t r a t i o n wi l l b e h a p p y t o p r o v i d e t h i s i n f o r m a t i o n 
w h e n it is n e e d e d . T h e r e s t of t h e fuel s y s t e m 
s h o u l d b e left i n t a c t w i t h al l p r e s s u r e - r e l i e f 
fittings a t t h e i r s e r v i c e s e t t i n g s . 

(c) P r i o r t o b e g i n n i n g t h e t e s t , t h e fuel s y s 
t e m s h o u l d b e c o m p l e t e l y d r a i n e d . T h e s y s 
t e m s h o u l d b e se t t o feed f r o m o n e t a n k o n l y 
( t h e flow s h o u l d b e t e s t e d fo r e a c h t a n k s e p a r 
a t e l y w i t h a g r a v i t y s y s t e m ) . F u e l s h o u l d h e 
a d d e d t o t h e t a n k s l o w l y u n t i l a s t e a d y flow is 
e s t a b l i s h e d a t t h e c a r b u r e t o r e n d of t h e feed 
l ine . S t e a d y flow s h o u l d b e e s t a b l i s h e d w h e n 
a p p r o x i m a t e l y t h e u n u s a b l e - f u e l s u p p l y , a s 
de f ined h e r e i n a f t e r , h a s b e e n a d d e d . S y s t e m s 
r e q u i r i n g a n e x c e s s i v e a m o u n t of fuel t o p r o d u c e 
s t e a d y flow a r e u n s a t i s f a c t o r y s i n c e t h e y t e n d t o 
a i r l o c k . W h e n a s t e a d y flow h a s b e e n e s t a b 
l i shed , a n a d d i t i o n a l g a l l o n of fuel s h o u l d b e 
a d d e d t o t h e t a n k . T h e t i m e in s e c o n d s 
r e q u i r e d for a t l eas t 1 g a l l o n of fuel t o flow f r o m 
t h e feed l i ne s h o u l d t h e n b e o b t a i n e d . T h e 
t i m e r e q u i r e d for 1 g a l l o n t o flow s h o u l d n o t b e 
m o r e t h a n t h e l a r g e r of t h e t w o figures c o m 
p u t e d f rom t h e f o l l o w i n g : 
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(1) A t t h e r a t e of 1.2 p o u n d s p e r h o u r for 
e a c h t akeof f h o r s e p o w e r . 

c A ii 18 ,000 S e c o n d s p e r g a l l o n — ̂  Q ^ p 

W h e r e : 
T . O . H . P . = T a k e o f f h o r s e p o w e r 
(2) A t t h e r a t e of 150 p e r c e n t of t h e a c t u a l 

t akeof f fuel c o n s u m p t i o n of t h e e n g i n e . 

e , „ 14 ,400 
S e c o n d s p e r g a l l o n = g F p x T Q pT"p~ 

W h e r e : 
S . F . C . = T a k e o f f specif ic fuel c o n s u m p t i o n 

in p o u n d s p e r h o r s e p o w e r p e r h o u r . 

M a j o r c h a n g e s in t h e a r r a n g e m e n t of c o m 
p o n e n t s of p r e v i o u s l y a p p r o v e d fuel s y s t e m s 
m a y b e s u b s t a n t i a t e d b y r e c o n d u c t i n g flow t e s t s 
of t h e fuel s y s t e m a s i n s t a l l e d in t h e a i r p l a n e , o r 
b y a p p r o p r i a t e c o m p a r a t i v e t e s t i n g of t h e p a r t s 
i n v o l v e d t o a s s u r e t h a t t h e n e w p a r t s d o n o t 
r e s t r i c t flow t o a g r e a t e r e x t e n t t h a n t h e 
o r i g i n a l p a r t s . 

8 .304 Fuel-Flow Rate for Pump Systems. 
F u e l - f l o w r a t e s for p u m p s y s t e m s s h o u l d b e c o n 
d u c t e d b y p l a c i n g t h e a i r p l a n e in t h e s a m e a t t i 
t u d e a s o u t l i n e d in t h e p r e c e d i n g s e c t i o n for 
g r a v i t y - f u e l - s y s t e m t e s t s . S i n c e , in t h i s c a s e , 
t h e fuel p u m p m u s t b e o p e r a t e d , it m a y b e 
d r i v e n e i t h e r b y t h e e n g i n e w i t h t h e p u m p 
m o u n t e d o n t h e r e g u l a r e n g i n e f u e l - p u m p d r i v e 
o r b y a s e p a r a t e e l ec t r i c m o t o r . I f it is d e s i r e d 
t o c o n d u c t t h e t e s t w i t h t h e p u m p m o u n t e d o n 
t h e e n g i n e , a s e p a r a t e s o u r c e of fuel e x t e r n a l t o 
t h e a i r p l a n e s h o u l d b e s u p p l i e d t o o p e r a t e t h e 
e n g i n e a t t akeof f r . p . m . If a n e l ec t r i c m o t o r is 
u s e d to d r i v e t h e fuel p u m p it s h o u l d be c a p a b l e 
of o p e r a t i n g t h e p u m p a t t h e s a m e s p e e d a s t h e 
p u m p o p e r a t e s w h e n t h e e n g i n e is r u n n i n g a t 
takeof f r . p . m . , a n d t h e p u m p s h o u l d b e 
m o u n t e d a t t h e s a m e h e i g h t a s i t w o u l d be if 
m o u n t e d o n t h e f u e l - p u m p p a d o n t h e e n g i n e . 
I n e i t h e r c a s e t h e p u m p d i s c h a r g e s h o u l d b e 
c o l l e c t e d a n d m e a s u r e d . 

T h e fuel s y s t e m s h o u l d t h e n b e p r e p a r e d for 
c o n d u c t i n g t h e flow t e s t s as d e s c r i b e d a b o v e for 
g r a v i t y - f u e l s y s t e m s . T h e r a t e of flow for 
p u m p s y s t e m s s h o u l d no t b e m o r e t h a n t h e 
l a r g e r r a t e a s c o m p u t e d f r o m t h e f o l l o w i n g : 

(a) A t t h e r a t e of 0.9 p o u n d s p e r h o u r for 
e a c h takeof f h o r s e p o w e r , 

<? , ii 2 4 ' 0 0 0 

S e c o n d s p e r g a l l o n = T - Q - — — -

(b) A t t h e r a t e of 125 p e r c e n t of t h e a c t u a l 
t akeof f fuel c o n s u m p t i o n of t h e e n g i n e . 

O A .1 1 7 > 3 0 0 

S e c o n d s p e r g a l l o n = g R ^ Q R — 

T h e fuel-f low t e s t s s h o u l d b e m a d e w i t h t h e 
m a i n a n d a u x i l i a r y fuel p u m p s a l t e r n a t e l y o p e r 
a t i v e a n d i n o p e r a t i v e . 

C h a n g e s in c o m p o n e n t s s u c h a s e n g i n e - d r i v e n 
fuel p u m p s , o r w o b b l e p u m p s , c a n u s u a l l y b e 
s u b s t a n t i a t e d b y c o m p a r a t i v e t e s t s of t h e c o m 
p o n e n t s t h e m s e l v e s w i t h o u t t e s t i n g t h e e n t i r e 
a i r p l a n e s y s t e m . T h e n e w p u m p s s h o u l d b e 
c a p a b l e of d e l i v e r i n g t h e s a m e o r g r e a t e r flow 
a s t h e o r i g i n a l p u m p w h e n o p e r a t i n g a t t h e 
s a m e s u c t i o n lift a n d d e l i v e r y p r e s s u r e . T h e 
p u m p s s h o u l d , of c o u r s e , b e o p e r a t i n g a t t h e 
s a m e s p e e d s for t h i s d e t e r m i n a t i o n . 

8 .305 Fuel Tanks. 

8 .3050 General. T o o b t a i n s t r e n g t h in t a n k 
c o n s t r u c t i o n , i t is u s u a l l y n e c e s s a r y t o p r o v i d e 
c o r n e r s w i t h a g e n e r o u s r a d i u s a n d l o c a t e w e l d s 
on a flat s u r f a c e r e m o v e d f r o m t h e c o r n e r s . 
W e l d i n g of t h e t a n k e n d s to t h e b o d y is fac i l i 
t a t e d b y a n e x p a n s i o n b e a d n e a r t h e w e l d . 
T a n k s of l a r g e s ize u s u a l l y r e q u i r e a c a r e f u l 
w e l d i n g a r r a n g e m e n t in o r d e r t o a v o i d s t r e s s 
c o n c e n t r a t i o n s i n d u c e d b y t h e w e l d i n g p r o c e s s . 
W h e r e flanges o r h e a v y s u m p s a r e i n c o r p o r a t e d 
in t a t i k s t o t a k e v a r i o u s c o n n e c t i o n s , t h e y 
s h o u l d b e l a r g e e n o u g h a n d so a t t a c h e d t o t h e 
t a n k she l l t h a t t h e s t r e s s e s i n d u c e d b y t h e a t 
t a c h e d c o n n e c t i o n s a n d p i p i n g wil l n o t b e l o c a l 
ized , b u t will b e d i s t r i b u t e d o v e r a l a r g e p o r t i o n 
of t h e t h i n t a n k she l l . R e i n f o r c e m e n t of t h e 
she l l a t t h e s e p o i n t s of a t t a c h m e n t s h o u l d b e 
m a d e w h e r e n e c e s s a r y , T a n k s a p p r o x i m a t i n g 
a c y l i n d r i c a l f o r m o f t e n h a v e t h e i r e n d s d i s h e d 
for a d d i t i o n a l s t r e n g t h . 

8 .3051 Integral-Tank (instruction. I n t e g r a l 
t a n k s ( t a n k s f o r m i n g p a r t of t h e a i r p l a n e 
s t r u c t u r e ) s h o u l d b e c a r e f u l l y d e s i g n e d t o 
p r e v e n t l e a k a g e u n d e r f l ight o r l a n d i n g d e f o r m a 
t i o n s in t h e p r i m a r y a i r p l a n e s t r u c t u r e . N e w 
s e a l i n g m a t e r i a l s h o u l d b e t h o r o u g h l y i n v e s t i 
g a t e d t o a s s u r e i t s a b i l i t y t o w i t h s t a n d t h e 
effects of fuel , p e r i o d i c d r y i n g , h e a t , c o l d , 
v i b r a t i o n , e t c . S u c h t a n k s s h o u l d b e p r o v i d e d 
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w i t h i n s p e c t i o n h o l e s so t h a t al l i n t e r i o r s u r f a c e s 
a n d c o r n e r s of t h e t a n k s c a n b e r e a c h e d t o 
a l l o w a d e q u a t e i n s p e c t i o n a n d m a i n t e n a n c e . 
W h e n t h e l a n d i n g - g e a r a t t a c h m e n t is m a d e p a r t 
of t h e s t r u c t u r e w h i c h f o r m s t h e i n t e g r a l - t a n k 
she l l t h e r e is a l w a y s a s e r i o u s d a n g e r of r u p t u r 
i n g t h e t a n k in a g r o u n d a c c i d e n t in w h i c h t h e 
l a n d i n g g e a r is d e f o r m e d o r b r o k e n . T h i s 
p r a c t i c e h a s r e s u l t e d in s e r i o u s fires in a n u m b e r 
of a c c i d e n t s w h i c h w o u l d h a v e b e e n r a t h e r 
m i n o r h a d it n o t b e e n fo r t h e fac t t h a t t h e 
l a n d i n g - g e a r d a m a g e r e s u l t e d in fuel s p i l l a g e . 
W h e n i n t e g r a l t a n k s a r e u s e d it is t h e r e f o r e 
i m p o r t a n t t o k e e p t h e l a n d i n g - g e a r a t t a c h m e n t 
a s f a r a s p o s s i b l e f rom t h e t a n k s t r u c t u r e . 

C o r r o s i o n . — F u e l t a n k s s h o u l d h e c o n s t r u c t e d 
t o res i s t c o r r o s i o n a n d s h o u l d n o t b e s u s c e p t i b l e 
t o e l e c t r o l y t i c a c t i o n i n s o f a r a s p o s s i b l e . I t i s 
q u i t e i m p o r t a n t t h a t all w e l d i n g flux b e r e m o v e d 
be fo re a n y a n t i c o r r o s i o n p r o c e s s e s o r c o a t i n g s 
a r e a p p l i e d . E l e c t r o l y t i c a c t i o n m a y b e m i n 
i m i z e d b y a s s u r i n g , i n s o f a r a s poss ib l e , t h a t d i s 
s i m i l a r m e t a l s a r e no t in i n t i m a t e c o n t a c t w i t h 
e a c h o t h e r . 

Ba f f l e s .—Al l b u t t h e s m a l l e s t t a n k s (i. e. , 
a p p r o x i m a t e l y 5 g a l l o n s o r lessi s h o u l d b e p r o 
v i d e d w i t h baffles o r s t i f f en ing m e m b e r s t o 
p r e v e n t fa i lu re d u e t o t h e s u r g i n g of fuel . T h i s 
is p a r t i c u l a r l y t r u e of t a n k s w h i c h a r e e i t h e r 
p a r t i c u l a r l y l o n g o r w i d e . Baffle s p a c i n g of 12 
t o 16 i n c h e s is u s u a l l y s u i t a b l e . 

Baff les s h o u l d b e g i v e n ca re fu l c o n s i d e r a t i o n 
w i t h r e g a r d t o t h e i r o w n a b i l i t y t o w i t h s t a n d 
s u r g i n g l o a d s a n d w i t h r e g a r d t o t h e i r a t t a c h 
m e n t t o t h e she l l t o p r e v e n t loca l h i g h s t r e s s e s 
f r o m d e v e l o p i n g t h e r e . T h e y s h o u l d b e so 
d e s i g n e d t h a t n o fuel will b e t r a p p e d b e t w e e n 
baff les , o r b e t w e e n baff les a n d t a n k s i d e s . 
E a c h i n t e r c o n n e c t i n g p a s s a g e in baffled t a n k s 
s h o u l d h a v e g e n e r o u s v e n t a n d flow o p e n i n g s . 

J o i n t s . — R i v e t s a n d w e l d s s h o u l d b e l o c a t e d 
a t p o i n t s w h e r e t h e y will no t a g g r a v a t e t h e 
s t r e s s e s d u e t o v i b r a t i o n a n d s l o s h i n g . S p e c i a l 
a t t e n t i o n s h o u l d b e g i v e n to r i v e t e d j o i n t s a n d 
s e a m s a s s o u r c e s of p o s s i b l e l e a k a g e in t a n k s of 
a l u m i n u m - a l l o y , r i v e t e d c o n s t r u c t i o n . I n t h i s 
c o n n e c t i o n , soft r i v e t s will u s u a l l y b e f o u n d 
p r e f e r a b l e t o h a r d r i v e t s . P a r t i c u l a r a t t e n t i o n 
s h o u l d b e g i v e n t o t h e i n t e r s e c t i o n of i « o s e a m s 
w h e r e , u s u a l l y , spec i a l p r e c a u t i o n s m u s t b e 
t a k e n . 

I n g e n e r a l , e x c e p t fo r s e a m s , r i v e t s s h o u l d b e 
u s e d s p a r i n g l y , a n d o n l y w h e r e s t r e n g t h o r o t h e r 
c o n s i d e r a t i o n s r e q u i r e t h e i r u s e , s i n c e e a c h r i v e t 
is a p o t e n t i a l s o u r c e of l e a k a g e . R i v e t s p a c i n g 
of t h r e e - e i g h t h s t o five-eighths i n c h u s i n g r i v e t s 
t h r e e t h i r t y - s e c o n d s t o o n e - e i g h t h i n c h i n 
d i a m e t e r h a s b e e n f o u n d s a t i s f a c t o r y i n p r o 
d u c i n g l e a k p r o o f s e a m s in a l u m i n u m - a l l o y 
t a n k s . I t m a y b e n e c e s s a r y t o u s e a d o u b l e r o w 
of r i v e t s t o o b t a i n a g a s o l i n e t i g h t j o i n t in l a r g e 
t a n k s . S e a m s s h o u l d b e a b o v e t h e fluid l e v e l 
w h e r e v e r p o s s i b l e . 

E x p a n s i o n S p a c e . — T h e filler n e c k s of fuel 
t a n k s s h o u l d b e l o c a t e d a n d i n s t a l l e d so a s t o 
a s s u r e t h a t a n e x p a n s i o n s p a c e , of a t l e a s t 2 
p e r c e n t of t h e t o t a l t a n k v o l u m e , i s a u t o m a t i c 
a l l y p r o v i d e d w h e n t h e t a n k is s e r v i c e d in t h e 
n o r m a l g r o u n d a t t i t u d e . 

U n u s a b l e - F u e l C a p a c i t y . — M o s t fuel t a n k s 
c a n n o t b e b l e d c o m p l e t e l y e m p t y b u t c o n t a i n 
a c e r t a i n r e s i d u a l q u a n t i t y of fuel ca l l ed t h e 
" U n u s a b l e f u e l " . T h e q u a n t i t y d e p e n d s u p o n 
t h e s h a p e of t h e t a n k a n d t h e a t t i t u d e in w h i c h 
t h e a i r p l a n e is f lown. I t is n o t sa fe t o r e l y 
u p o n t h e u n u s a b l e - f u e l s u p p l y a n d it is t h e r e 
fore i m p o r t a n t t o d e t e r m i n e in a d v a n c e h o w 
m u c h fuel is u n u s a b l e so t h a t t h e p i l o t wi l l 
h a v e t h i s i n f o r m a t i o n a v a i l a b l e . T h e u n u s a b l e -
fuel s u p p l y s h o u l d b e d e t e r m i n e d b y flying 
t h e a i r p l a n e in e a c h of t h e c o n f i g u r a t i o n s o u t 
l i ned b e l o w u n t i l t h e e n g i n e s t a r t s t o m a l f u n c 
t i o n d u e t o fuel s t a r v a t i o n . W h e n t h i s o c c u r s 
t h e fuel v a l v e s h o u l d b e s w i t c h e d to a full t a n k 
a n d a l a n d i n g m a d e t o m e a s u r e h o w m u c h 
u n u s a b l e fuel r e m a i n e d in t h e t a n k b e i n g 
t e s t e d . T h e flight c o n d i t i o n s w h i c h s h o u l d b e 
c o n s i d e r e d a r e a s f o l l o w s : 

(a) L e v e l flight a t m a x i m u m c o n t i n u o u s 
p o w e r , o r t h e p o w e r r e q u i r e d for l eve l flight 
a t c r u i s i n g v e l o c i t y w h i c h e v e r is l e s s . 

(b) C l i m b a t m a x i m u m c o n t i n u o u s p o w e r 
a t t h e e s t i m a t e d bes t a n g l e of c l i m b a t m i n i 
m u m w e i g h t . 

(c) R a p i d a p p l i c a t i o n of p o w e r a n d s u b s e 
q u e n t t r a n s i t i o n t o bes t r a t e of c l i m b f o l l o w i n g 
a power -of f g l i de . 

D u r i n g t h e s e c o n d i t i o n s , s i de s l i p s a n d s k i d s 
of t h e g r e a t e s t s e v e r i t y l i k e l y t o b e e n c o u n t e r e d 
in n o r m a l s e r v i c e o r t u r b u l e n t a i r s h o u l d b e 
c o n d u c t e d t o s i m u l a t e a c t u a l o p e r a t i n g c o n 
d i t i o n s . If t h e c o n f i g u r a t i o n of t h e t a n k a n d 
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a i r p l a n e a r e s u c h t h a t o n e of t h e a b o v e t h r e e 
c o n d i t i o n s is o b v i o u s l y m o s t c r i t i c a l , t h e o t h e r 
c o n d i t i o n s n e e d n o t b e i n v e s t i g a t e d . 

T h e f u e l - q u a n t i t y i n d i c a t o r s h o u l d b e c a l i 
b r a t e d t o r e a d z e r o w h e n t h e fuel l eve l r e a c h e s 
t h e u n u s a b l e - f u e l c a p a c i t y . F l i g h t p e r s o n n e l 
s h o u l d b e w a r n e d a c c o r d i n g l y t h a t t h e u n 
u s a b l e - f u e l s u p p l y c a n n o t b e u s e d sa fe ly in 
flight. 

F u e l - T a n k S u m p . — E a c h t a n k s h o u l d b e 
p r o v i d e d w i t h a s u m p s u i t a b l e for t h e c o l l e c t i o n 
of s e d i m e n t a n d w a t e r , u n l e s s p r o v i s i o n is 
m a d e in t h e a i r p l a n e d e s i g n to d r a i n all of t h e 
w a t e r a n d s e d i m e n t o u t of t h e t a n k t h r o u g h 
t h e s y s t e m t o a s e p a r a t e s t r a i n e r o r s u m p . 
W h e n s u c h a s e p a r a t e s t r a i n e r o r s u m p is u s e d , 
t h e d r a i n s h o u l d b e m o r e t h a n u s u a l l y a c c e s 
s ib le t o e n c o u r a g e d r a i n a g e be fo re e a c h flight. 
A c o c k p i t d r a i n c o n t r o l is d e s i r a b l e for t h i s 
p u r p o s e . All b o t t o m s u r f a c e s of t h e t a n k 
s h o u l d t i l t t o w a r d t h e s u m p (or o u t l e t w h e r e 
n o s u m p is i n c o r p o r a t e d in t h e t a n k ) a t a 
suff ic ient a n g l e , w i t h t h e a i r p l a n e a t r e s t on 
t h e g r o u n d , t o a s s u r e t h a t a n y a p p r e c i a b l e 
q u a n t i t y of w a t e r wil l flow t o t h e s u m p (or 
o u t l e t ) . I n t h i s r e g a r d , i t is i m p o r t a n t t o 
r e m e m b e r t h a t t h e a i r p l a n e m a y r e s t w i t h o n e 
w i n g l o w e r t h a n t h e o t h e r d u e t o g r o u n d ir
r e g u l a r i t i e s . T h e f u e l - t a n k d e s i g n s h o u l d b e 
a r r a n g e d so a s t o a v o i d e v e n s m a l l t r a p s t h a t 
wil l r e s u l t in t h e c o n t i n u a l p r e s e n c e of w a t e r 
w h i c h m a y a c c e l e r a t e c o r r o s i o n . 

W h e n a s u m p is i n c o r p o r a t e d in a s m a l l 
t a n k (25 g a l l o n s c a p a c i t y o r less) i t s h o u l d 
h a v e a c a p a c i t y of a t l e a s t o n e ha l f p i n t , w h i l e 
t a n k s of g r e a t e r c a p a c i t y s h o u l d h a v e a s u m p 
w i t h a c a p a c i t y e q u a l t o a t l e a s t o n e q u a r t e r of 
1 p e r c e n t of t h e t o t a l t a n k c a p a c i t y . T h e t a n k 
o u t l e t s h o u l d b e l o c a t e d so t h a t n o fuel is fed 
f r o m t h e t a n k s u m p in n o r m a l f l ight a t t i t u d e s . 

T h e f u e l - t a n k o u t l e t m a y b e p l a c e d a t t h e 
b o t t o m of t h e t a n k w i t h n o p r o v i s i o n for 
s e p a r a t e d r a i n a g e of t h e t a n k if a s e d i m e n t 
b o w l is i n s t a l l e d so t h a t i t is a t t h e l o w e s t p o i n t 
in t h e s y s t e m w h e n t h e a i r p l a n e is in a n o r m a l 
p o s i t i o n o n l eve l g r o u n d . Al l p a r t s of t h e s y s 
t e m s h o u l d d r a i n t o t h e s e d i m e n t b o w l . 

F u e l - T a n k O u t l e t . — T h e f u e l - t a n k o u t l e t 
s h o u l d b e l o c a t e d so a s t o c o m p l y w i t h t h e fue l -
t a n k s u m p p r o v i s i o n s . Al l f u e l - t a n k o u t l e t s 
s h o u l d b e e q u i p p e d w i t h a s u i t a b l e finger 

s t r a i n e r h a v i n g a s c r e e n of a p p r o x i m a t e l y 10 
m e s h t o p r e c l u d e t h e p o s s i b i l i t y of s t o p p a g e b y 
fo re ign o b j e c t s i n a d v e r t e n t l y l o d g e d in t h e t a n k . 
T h e finger s t r a i n e r s h o u l d b e i n s t a l l e d so a s t o 
b e a c c e s s i b l e for i n s p e c t i o n a n d c l e a n i n g w h e n 
t h e fuel t a n k is r e m o v e d for c o m p l e t e i n s p e c t i o n . 
T h e s t r a i n e r s h o u l d p o i n t u p w a r d s if i n s t a l l e d 
in a t a n k w i t h a s m a l l b o t t o m a r e a a d j a c e n t t o 
t h e o u t l e t . If t h e b o t t o m is flat a n d of l a r g e 
a r e a c o m p a r e d t o t h e s i d e s , i t m a y b e p r e f e r a b l e 
t o i n s t a l l t h e finger s t r a i n e r h o r i z o n t a l l y o r a t 
a n a n g l e . I t is r e c o m m e n d e d t h a t a l l o u t l e t s 
face u p w h e n e v e r p o s s i b l e . S i d e o u t l e t s a r e 
s u s c e p t i b l e t o a i r l o c k i n g w h e n t h e u p p e r p a r t 
of t h e o u t l e t is u n c o v e r e d . A s u i t a b l e s c r e e n 
p e r m a n e n t l y i n c o r p o r a t e d in t h e d e s i g n of t h e 
t a n k filler n e c k is c o n s i d e r e d t h e e q u i v a l e n t of 
a finger s c r e e n a t t h e t a n k o u t l e t . 

F u e l - T a n k V e n t . — E a c h t a n k s h o u l d b e 
v e n t e d f r o m t h e t o p p o r t i o n of t h e a i r s p a c e in 
t h e t a n k t o p e r m i t a suf f ic ien t flow of a i r t o 
n e u t r a l i z e c h a n g e s in p r e s s u r e r e s u l t i n g f r o m 
r a p i d c h a n g e s in a l t i t u d e o r t h e r e m o v a l of fue l 
f r o m t h e t a n k . 

V e n t s a n d v e n t l i ne s s h o u l d b e s u i t a b l y a r 
r a n g e d t o a v o i d t h e c o l l e c t i o n of w a t e r a n d 
s h o u l d b e so d e s i g n e d a n d i n s t a l l e d a s t o p r e 
c l u d e t h e p o s s i b i l i t y of t h e i r b e c o m i n g c l o g g e d 
b y ice o r d i r t in f l ight o r s e r v i c i n g o p e r a t i o n s . 
I n t h e s m a l l t a n k s u s u a l l y i n s t a l l e d in l i g h t a i r 
p l a n e s , w h e r e v e n t i n g is a c c o m p l i s h e d b y s m a l l 
h o l e s in t h e filler c a p , t w o o r m o r e s u c h h o l e s 
s h o u l d b e p r o v i d e d in t h e c a p for safe o p e r a t i o n . 
W h e r e t h e float-and-rod-type, f u e l - q u a n t i t y 
g a g e is u s e d , t h e c l e a r a n c e h o l e for t h e r o d is 
c o n s i d e r e d a d e q u a t e v e n t i n g a s t h i s t y p e of 
v e n t i n g , d u e t o t h e v i b r a t i n g a c t i o n of t h e r o d , 
h a s p r o v e d v e r y s a t i s f a c t o r y in s e r v i c e . 

V e n t s s h o u l d n o t t e r m i n a t e a t a p o i n t w h e r e 
p o s s i b l e fuel d i s c h a r g e m i g h t c o n s t i t u t e a fire 
h a z a r d . 

F u e l - T a n k D r a i n . — E a c h t a n k s h o u l d b e 
p r o v i d e d w i t h a s u i t a b l e d r a i n a t t h e l o w p o i n t 
of t h e t a n k in t h e g r o u n d a t t i t u d e . T h i s d r a i n 
s h o u l d d i s c h a r g e c l e a r of o t h e r a i r p l a n e p a r t s 
a n d p e r m i t c o m p l e t e t a n k d r a i n a g e t o p r e v e n t 
t h e e n t r a i n m e n t in t h e t a n k of a n a p p r e c i a b l e 
q u a n t i t y of w a t e r w h i c h m i g h t affect e n g i n e 
o p e r a t i o n , a c c e l e r a t e c o r r o s i o n , o r o t h e r w i s e 
i m p a i r t h e a i r w o r t h i n e s s of t h e a i r c r a f t . S u c h 
d r a i n s s h o u l d be i n s t a l l e d so t h a t t h e p o s s i b i l i t y 
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of a c c i d e n t a l o p e n i n g is g u a r d e d a g a i n s t . T o 
b e s u i t a b l e , a d r a i n s h o u l d b e l o c a t e d so t h a t it 
c a n b e r e a c h e d w i t h o u t d i s a s s e m b l y o r r e m o v a l 
of a l a r g e p i e c e of c o w l i n g , r e m o v a l of s t r u c t u r a l 
p a r t s , o r w i t h o u t t h e use of s p e c i a l t o o l s . 

8 .3052 Tank Tests. P r e s s u r e T e s t s . — A l l 
fuel t a n k s s h o u l d b e p r e s s u r e t e s t e d t o 3 ^ P- s, i. 
t o p r o v i d e a n i n d i c a t i o n of t h e a b i l i t y of t h e 
t a n k t o res i s t d i s t o r t i o n a n d l e a k a g e u n d e r 
v i b r a t o r y , a c c e l e r a t i n g , a n d s u r g i n g l o a d s w h i c h 
m a y b e e n c o u n t e r e d in flight a n d l a n d i n g 
c o n d i t i o n s . 

V i b r a t i o n T e s t . — U n c o n v e n t i o n a l t a n k s o r 
t a n k s of u n u s u a l l y t h i n m a t e r i a l m a y n e c e s s i t a t e 
v i b r a t i o n t e s t i n g t o s u b s t a n t i a t e t h e i r a i r w o r t h i 
n e s s . A n u n c o n v e n t i o n a l t a n k m i g h t b e t e r m e d 
o n e w h i c h h a s l a r g e u n s u p p o r t e d o r uns t i f f ened 
a r e a s o r s i m i l a r f e a t u r e s . V i b r a t i o n t e s t s a r e 
r e c o m m e n d e d for all t a n k s t o d e t e r m i n e d e s i g n 
c h a n g e s t o i n c r e a s e t h e i r life. V i b r a t i o n t e s t i n g 
s h o u l d b e a c c o m p l i s h e d b y s h a k i n g t h e t a n k , 
t w o - t h i r d s full of w a t e r , a t a f r e q u e n c y of a p 
p r o x i m a t e l y 90 p e r c e n t of r a t e d m a x i m u m c o n 
t i n u o u s r . p . m . of t h e e n g i n e u s e d in t h e a i r 
p l a n e , a n d a t o t a l a m p l i t u d e of o n e t h i r t y - s e c o n d 
t o o n e - s i x t e e n t h i n c h , for 2 5 h o u r s . 

S l o s h T e s t . — I n s o m e c a s e s w h e r e t h e t a n k 
i n c o r p o r a t e s f e a t u r e s w h i c h m a k e it s u s c e p t i b l e 
t o d a m a g e f r o m t h e l i q u i d s u r g e , s u c h a s t h e 
a b s e n c e of baffles a n d e l o n g a t e d c o n s t r u c t i o n , 
it m a y b e n e c e s s a r y t o s u p p l e m e n t t h e v i b r a 
t i o n t e s t s w i t h s losh t e s t s . T a n k s c o n s i s t i n g 
of a b l a d d e r t y p e fuel cel l w i t h i n t h e s t r u c t u r e 
s h o u l d b e s t u d i e d for t h e c h a f i n g effect c a u s e d 
b y t h e s l o s h i n g of t h e g a s o l i n e d u e t o t h e n o r 
m a l roll a n d p i t c h of t h e a i r p l a n e in flight. 
S u c h a n i n v e s t i g a t i o n m a y b e m a d e b y m e a n s 
of a t e s t w h i c h c o n s i s t s of r o c k i n g t h e t a n k 
t h r o u g h a n a n g l e of a b o u t 15° a t a p p r o x i m a t e l y 
16 t o 20 c y c l e s p e r m i n u t e for 2 5 h o u r s . D u r 
i n g t h e t e s t t h e b a g s h o u l d b e t w o - t h i r d s full of 
w a t e r . 

8 .3053 Futl-Tank Installation. F u e l - t a n k 
i n s t a l l a t i o n s s h o u l d c o m p l y w i t h t h e fo l l owing 
g e n e r a l p r o v i s i o n s : 

(a) F u e l t a n k s s h o u l d n o t b e l o c a t e d on t h e 
e n g i n e s ide of t h e firewall. 

(b> A n a d e q u a t e a i r s p a c e s h o u l d b e a l l o w e d 
b e t w e e n t h e t a n k a n d t h e firewall. 

(c) All e x p o s e d s u r f a c e s a n d t h e a i r s p a c e 
a b o u t t h e t a n k s h o u l d b e s u i t a b l y v e n t e d a n d 

d r a i n e d o r o t h e r w i s e p r o t e c t e d a g a i n s t t h e 
a c c u m u l a t i o n of flammable v a p o r s . 

(d) W h e r e v e r p o s s i b l e t h e i n s t a l l a t i o n of 
t a n k s in p e r s o n n e l c o m p a r t m e n t s s h o u l d b e 
a v o i d e d . I f a t a n k m u s t b e l o c a t e d i n s u c h a 
c o m p a r t m e n t , s u i t a b l e v a p o r p r o o f b u l k h e a d s 
s h o u l d b e p r o v i d e d b e t w e e n t h e t a n k a n d t h e 
p e r s o n n e l c o m p a r t m e n t s , u n l e s s c a r e is t a k e n 
to p r o v i d e a d e q u a t e v e n t i l a t i o n t o c a r r y a w a y 
p o s s i b l e f u m e s a n d l e a k a g e . 

(e) T h e t a n k s h o u l d b e a t t a c h e d t o t h e p r i 
m a r y s t r u c t u r e b y s u p p o r t s d e s i g n e d so a s t o 
m i n i m i z e s t r e s s c o n c e n t r a t i o n s , a n d t o p r e v e n t 
d i s t o r t i o n a n d v i b r a t i o n f a i l u r e s of t h e t a n k . 
T h e s u p p o r t s s h o u l d b e c a p a b l e of w i t h s t a n d 
i n g g r o u n d a n d flight l o a d s w i t h o u t u n d u e 
de f l ec t ion . 

(f) F u e l t a n k s s h o u l d b e b o n d e d t o t h e a i r 
p l a n e p r i m a r y s t r u c t u r e t o a v o i d s t a t i c -
e l e c t r i c i t y h a z a r d s . 

P a d d e d c r a d l e a n d p a d d e d - b e a m t y p e s u p 
p o r t s a r e c o n s i d e r e d s a t i s f a c t o r y p r o v i d e d t h e 
l o c a t i o n of t h e b e a m o r c r a d l e is s u c h a s t o p r e 
v e n t o v e r l o a d i n g of u n s u p p o r t e d o r unbaf f l ed 
s e c t i o n s of t h e t a n k . P r o v i s i o n s s h o u l d a l so b e 
m a d e for p r o p e r s u p p o r t of t h e t a n k u n d e r 
r e v e r s e - l o a d i n g c o n d i t i o n s . F u s e l a g e a n d w i n g 
t a n k s s h o u l d n o t b e s u p p o r t e d b y b r a c k e t s o r 
l u g s a t t a c h e d t o t h e t a n k w a l l s , u n l e s s s p e c i a l 
p r e c a u t i o n s a r e t a k e n t o d i s t r i b u t e t h e l o a d s . 
P a d d i n g u n d e r t a n k s t r a p s a n d o n s u p p o r t s 
s h o u l d b e w a t e r p r o o f e d t o p r e v e n t c o r r o s i o n , 
c h a f i n g , a n d a b s o r p t i o n of fluids. 

If flexible t a n k l i n e r s a r e e m p l o y e d , t h e y 
s h o u l d b e wel l s u p p o r t e d so t h a t t h e l i n e r is 
n o t r e q u i r e d t o w i t h s t a n d fluid l o a d s . I n 
t e r i o r s u r f a c e s of c o m p a r t m e n t s for s u c h l i n e r s 
s h o u l d b e s m o o t h a n d free of p r o j e c t i o n s w h i c h 
a r e a p t t o c a u s e w e a r o r t e a r of t h e l ine r . S u c h 
r o u g h p l a c e s o r p r o j e c t i o n s s h o u l d b e e i t h e r 
e l i m i n a t e d o r p r o v i s i o n s h o u l d b e m a d e fo r 
p r o t e c t i n g t h e l i n e r a t s u c h p o i n t s . 

F i l l e r o p e n i n g s s h o u l d b e p l a i n l y i den t i f i ed 
w i t h t h e w o r d " f u e l , " t h e m i n i m u m o c t a n e 
n u m b e r , a n d t h e c a p a c i t y . P r o v i s i o n s h o u l d 
b e m a d e t o p r e v e n t a n y o v e r f l o w f r o m e n t e r i n g 
t h e w i n g o r fuse l age . I n t h i s r e g a r d , al l r e 
cessed filler n e c k s s h o u l d b e p r o v i d e d w i t h 
o v e r b o a r d d r a i n s . W h e r e t h e f u e l - t a n k filler 
n e c k is s u p p o r t e d o r a t t a c h e d t o t h e a i r p l a n e 
s t r u c t u r e , a d e q u a t e flexibility s h o u l d b e p r o -
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v i d e d in t h e f i l l e r -neck c o n n e c t i o n s , a n d , if 
n e c e s s a r y , t h e j u n c t i o n of t h e filler n e c k t o t h e 
t a n k r e i n f o r c e d , t o t a k e c a r e of t h e effects of 
p o s s i b l e r e l a t i v e m o v e m e n t s b e t w e e n t h e t a n k 
a n d t h e a i r p l a n e in flight, 

8 .3054 Fuel Pumps and Pump Installations. 
I f fuel p u m p s a r e p r o v i d e d , a t l e a s t o n e p u m p 
for e a c h e n g i n e s h o u l d b e d i r e c t l y d r i v e n b y t h e 
e n g i n e . E m e r g e n c y fuel p u m p s s h o u l d b e 
p r o v i d e d t o p e r m i t s u p p l y i n g a l l e n g i n e s w i t h 
fuel in c a s e of t h e f a i l u r e of a n y e n g i n e - d r i v e n 
p u m p . F u e l p u m p s , w h e n u s e d , s h o u l d b e of 
s u c h d e s i g n a n d so i n s t a l l e d t h a t e x c e s s i v e 
p r e s s u r e s a r e n o t b u i l t u p in t h e c a r b u r e t o r 
feed l i ne a s a r e s u l t of p u m p o p e r a t i o n . S o m e 
m e a n s s u c h a s a p r e s s u r e - r e l i e f v a l v e s h o u l d b e 
i n c o r p o r a t e d , e i t h e r in t h e p u m p i tself o r in 
t h e s y s t e m , so a s t o a d e q u a t e l y c o n t r o l t h e fuel 
p r e s s u r e w i t h i n t h e l i m i t s spec i f ied for p r o p e r 
c a r b u r e t o r o p e r a t i o n . C o n s i d e r a t i o n m u s t a l so 
b e g i v e n t o t h e p o w e r r e q u i r e m e n t s of t h e p u m p 
t o a s s u r e t h a t t h e y d o n o t e x c e e d t h e p o w e r 
l i m i t a t i o n s of t h e m o u n t i n g p a d a n d d r i v e 
p r o v i d e d o n t h e e n g i n e . D i a p h r a g m - t y p e 
p u m p s s h o u l d a l so b e c o n s i d e r e d fo r h a z a r d s 
a s a r e s u l t of r u p t u r e d d i a p h r a g m s . 

W h e n a p o w e r - d r i v e n p u m p is u s e d , a n 
e m e r g e n c y h a n d o r a s e p a r a t e p o w e r - d r i v e n 
p u m p of t h e r e q u i r e d c a p a c i t y s h o u l d b e 
i n s t a l l e d a n d s h o u l d b e a v a i l a b l e for i m m e d i a t e 
u s e in ca se of a p u m p f a i l u re , p a r t i c u l a r l y 
d u r i n g takeoff . 

8 . 3055 Fuel-System Lines, Fittings, and Ac
cessories. L i n e s a n d F i t t i n g s . — C o n s i d e r a b l e a t 
t e n t i o n s h o u l d b e g i v e n t o t h e f u e l - s y s t e m 
p l u m b i n g , b e a r i n g in m i n d t h a t e a c h j o i n t is a 
p o s s i b l e s o u r c e of l e a k a g e , e a c h b e n d a p o s s i b l e 
s o u r c e of b l o c k a g e , e a c h r i se a p o s s i b l e s o u r c e 
of v a p o r l o c k , e a c h l o w s p o t a p o s s i b l e s o u r c e of 
f r eez ing d u e t o w a t e r c o l l e c t i o n , e a c h l e n g t h 
of u n s u p p o r t e d t u b i n g is s u s c e p t i b l e t o v i b r a 
t i o n a l f a t i q u e , a n d e a c h h o l e o r o p e n i n g 
t h r o u g h w h i c h t h e l ine m a y b e r o u t e d is a 
p o s s i b l e s o u r c e of w e a r o r c h a f i n g . I n v i e w of 
t h e s e f a c t s i t is r e c o m m e n d e d t h a t t h e f o l l o w i n g 
p r e c a u t i o n a r y d e t a i l s b e c o m p l i e d w i t h a s f a r 
as p o s s i b l e : 

(a) So l id fuel l i ne s a n d f i t t i n g s s h o u l d b e 
ca r e fu l l y d e s i g n e d , s u p p o r t e d , a n d l o c a t e d a n d 
s h o u l d b e m a d e of m a t e r i a l s w h i c h s u i t a b l y 
r e s i s t c o r r o s i o n . G e n e r a l l y , A i r F o r c e - N a v y 

s t a n d a r d ( A N P a r t s ) fittings a r e c o n s i d e r e d 
s a t i s f a c t o r y . 

(b) F l e x i b l e h o s e s h o u l d b e a f u e l - a n d - o i l -
r e s i s t i n g t y p e a p p r o v e d b y t h e C i v i l A e r o n a u t i c s 
A d m i n i s t r a t i o n o r c o n f o r m i n g t o A i r F o r c e -
N a v y ( A N ) , o r e q u i v a l e n t , s t a n d a r d s . 

(c) F l e x i b l e - h o s e c o n n e c t i o n s , if u s e d t o g i v e 
r e q u i r e d flexibility in a l ine , s h o u l d b e 
i n s t a l l e d a t e a c h e n d of t h e l i n e . T h e h o s e 
s h o u l d b e c o n n e c t e d t o h o s e n i p p l e s o r a p p r o 
p r i a t e l y b e a d e d t u b i n g . C o n n e c t i o n s m a d e i n 
a c c o r d a n c e w i t h F i g u r e 8-1 a r e s a t i s f a c t o r y fo r 
t h i s p u r p o s e . 

(d) I t is r e c o m m e n d e d t h a t fuel l i n e s , e x c e p t 
flexible p o r t i o n s , b e s u p p o r t e d b y m e a n s of so f t 
b l o c k s a n d c l a m p s . F r i c t i o n t a p e s a n d r a w h i d e 
l a s h i n g s co l l e c t g r i t a n d i n d u c e r a p i d w e a r 
( a n d s o m e t i m e s c o r r o s i o n ) d u e t o v i b r a t i o n 
w h i c h c a u s e s t h e l i nes t o w o r k u n d e r t h e 
l a s h i n g s . 

(e) F l e x i b l e c o n n e c t i o n s o r l i nes s h o u l d b e 
u s e d b e t w e e n a l l f u e l - s y s t e m p a r t s s u b j e c t e d 
t o r e l a t i v e m o v e m e n t o r m a s s v i b r a t i o n s . 
L o n g l e n g t h s of t u b i n g s h o u l d b e s u p p o r t e d 
a t f r e q u e n t i n t e r v a l s t o p r e c l u d e f a t i g u e f a i l u r e s 
d u e t o v i b r a t i o n . S h o r t , so l id t u b i n g w i t h 
f lexible c o n n e c t i o n s o n e a c h e n d n e e d n o t 
b e s u p p o r t e d . 

(f) B e n d s of s m a l l r a d i u s , v e r t i c a l h u m p s , o r 
r e s t r i c t i o n s w h i c h m i g h t p r o m o t e v a p o r o r a i r -
l o c k i n g in t h e l i n e s s h o u l d be a v o i d e d w h e r e v e r 
p o s s i b l e . 

(g) A fuel - feed l i n e s h o u l d b e t u b i n g of n o t 
less t h a n % o . d. X .032 w a l l , w i t h c o r r e s p o n d i n g 
f i t t i n g s . 

(h) E x c e s s i v e l y l a r g e fuel l i n e s s h o u l d b e 
a v o i d e d so t h a t v a p o r a n d a i r wi l l b e c a r r i e d 
a l o n g w i t h t h e flow of fuel a n d n o t a c c u m u l a t e 
in t h e l i ne s . 

F u e l l i ne s in t h e f o r m of L- , S-, a n d U - b e n d s 
w h i c h a r e j o i n e d b y h o s e c o n n e c t i o n s s h o u l d b e 
a l i g n e d a s a c c u r a t e l y a s p o s s i b l e i n t o t h e c o n n e c 
t i o n s a n d s h o u l d b e b r a c e d o r s u p p o r t e d t o 
p r e v e n t t h e l i nes f r o m s l i p p i n g a w a y f r o m t h e 
c o n n e c t i o n s u n d e r t h e i n t e r n a l o p e r a t i n g p r e s 
s u r e s a n d v i b r a t i o n e n c o u n t e r e d in t h e l i nes in 
s e r v i c e . T h e b r a c i n g o r s u p p o r t s s h o u l d b e 
l o c a t e d so t h a t t h e f l ex ib i l i ty p r o v i d e d for t h e s e 
l i nes wi l l n o t b e m a t e r i a l l y a f f ec t ed . I n t h e 
c a s e of s t r a i g h t l i n e s , i t is p r e f e r a b l e n o t t o u s e 
s u p p o r t s e x c e p t w h e r e t h e m a s s o r t h e l e n g t h 
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of t h e l ine a n d c o n n e c t i o n s o r f i t t i ngs is s u c h 
a s t o c a u s e it t o v i b r a t e u n d e r f l ight c o n d i t i o n s . 
S t r a i g h t l i ne s u p t o 18 i n c h e s in l e n g t h u s u a l l y 
d o n o t r e q u i r e s u p p o r t s . T h e u s e of d i s s i m i l a r 
m e t a l s in , o r in p h y s i c a l c o n t a c t w i t h , t h e fuel 
s y s t e m s h o u l d b e a v o i d e d i n so fa r a s it is 
p r a c t i c a b l e t o d o so . 

A l t h o u g h t h e m i n i m u m r e c o m m e n d e d s ize 
for fuel-feed l i n e s is t u b i n g of 3

S o. d . X .032 w a l l , 
a l a r g e r , m i n i m u m s ize is n e c e s s a r y w h e n t h e 
l e n g t h of t h e l i nes is l o n g . If t h e c o m b i n e d 
l e n g t h of t h e feed l i nes a n d fittings f r o m t h e 
t a n k t o t h e c a r b u r e t o r is in excess of 10 fee t , 
a t l e a s t t u b i n g of S o. d. X .035 w a l l is 
p r e f e r a b l e . 

T h e r a d i i of t h e t u b e b e n d s s h o u l d b e n o t 
less t h a n t h r e e t i m e s t h e o u t s i d e d i a m e t e r of 
t h e t u b i n g . S h a r p b e n d s a n d fittings s h o u l d b e 
r e d u c e d t o a m i n i m u m . 

F u e l - S y s t e m A c c e s s o r i e s . 
F u e l S t r a i n e r . — O n e o r m o r e s t r a i n e r s of 

a d e q u a t e s ize a n d d e s i g n , i n c o r p o r a t i n g a s u i t 
a b l e s e d i m e n t s u m p a n d a m e a n s for d r a i n i n g , 
s h o u l d b e p r o v i d e d a t a l o w p o i n t in t h e fuel 
l i n e b e t w e e n t h e t a n k a n d t h e c a r b u r e t o r . 
S u c h s t r a i n e r s s h o u l d b e i n s t a l l e d in a n a c 
c e s s i b l e p o s i t i o n s o t h a t t h e y m a y b e r e a c h e d 
r e a d i l y for i n s p e c t i o n a n d d r a i n a g e w i t h t h e 
r e m o v a l o r u n f a s t e n i n g of o n l y a s m a l l p i ece of 
c o w l i n g o r a n i n s p e c t i o n d o o r . T h e s t r a i n e r 
s c r e e n a n d t h e s c r e e n of t h e c a r b u r e t o r s t r a i n e r 
s h o u l d e a c h b e e a s i l y r e m o v a b l e for c l e a n i n g . 

S t r a i n e r s s h o u l d b e p r o v i d e d w i t h a 6 0 - m e s h 
s c r e e n o r finer, w i t h a n a d e q u a t e s u m p for 
t r a p p i n g w a t e r . T h e s u m p c a p a c i t y s h o u l d b e 
a t l eas t 2 o u n c e s for s m a l l - e n g i n e i n s t a l l a t i o n s 
a n d s h o u l d p r e f e r a b l y b e 4 o u n c e s o r g r e a t e r . 

F u e l V a l v e s . — S u i t a b l e p r o v i s i o n s s h o u l d b e 
i n c o r p o r a t e d in t h e d e s i g n a n d i n s t a l l a t i o n of 
fuel v a l v e s a n d t h e i r c o n t r o l s t o i n s u r e c o m 
p l i a n c e w i t h t h e fo l l owing , w h e r e a p p l i c a b l e : 

(a) V a l v e s s h o u l d n o t b e s u s c e p t i b l e t o e x 
t e r n a l l e a k a g e u p o n t h e a p p l i c a t i o n of t o r q u e o r 
a x i a l l o a d s t o t h e o p e r a t i n g s h a f t . 

(b) A d e q u a t e s t o p s o r p o s i t i o n i n d i c a t o r s 
s h o u l d b e i n c o r p o r a t e d in e a c h v a l v e t o i n d i c a t e 
t h e p o s i t i o n a n d h o l d t h e v a l v e in e a c h d e s i r e d 
p o s i t i o n . 

(c) S u i t a b l e , q u i c k - a c t i n g v a l v e s s h o u l d b e 
u s e d t o s h u t off t h e fuel i n d e p e n d e n t l y t o e a c h 

e n g i n e . S u c h v a l v e s s h o u l d b e l o c a t e d o n , o r 
t o t h e r e a r of, t h e firewall. 

(d) Al l v a l v e s s h o u l d b e s u i t a b l y s u p p o r t e d . 
(e) R e m o t e c o n t r o l s , if u s e d , s h o u l d c o n s t i 

t u t e p o s i t i v e c o n n e c t i o n s t o a v o i d p o s s i b i l i t y of 
m i s a l i n e m e n t . 

(f) All v a l v e s s h o u l d b e s u i t a b l y m a r k e d t o 
s h o w t h e i r f u n c t i o n . 

F u e l v a l v e s s h o u l d b e l o c a t e d , w h e n e v e r 
pos s ib l e , so t h a t t h e effect of g r a v i t y a n d v i b r a 
t i o n will b e t o t u r n t h e v a l v e s o n r a t h e r t h a n off. 
P a r t i c u l a r a t t e n t i o n s h o u l d b e p a i d t o t h e l o c a 
t i o n of fuel shu to f f v a l v e s so a s t o a v o i d t h e 
p o s s i b i l i t y of t h e p i l o t ' s a r m , l eg , o r a n y o t h e r 
p a r t of h i s b o d y o r c l o t h i n g i n a d v e r t e n t l y 
s t r i k i n g o r c a t c h i n g t h e v a l v e h a n d l e a n d a l t e r 
i n g i t s s e t t i n g . T h e d e s i g n a n d i n s t a l l a t i o n of 
t h e fuel -se lec t o r - v a l v e h a n d l e a n d m a r k i n g s 
s h o u l d b e g i v e n ca re fu l c o n s i d e r a t i o n t o a s s u r e 
a g a i n s t c o n f u s i o n in f u e l - t a n k s e l e c t i o n a n d 
i n a d v e r t e n t o p e r a t i o n . F u e l - s h u t o f f - v a l v e c o n 
t r o l s s h o u l d n o t b e l o c a t e d a d j a c e n t t o o t h e r 
f r e q u e n t l y o p e r a t e d c o n t r o l s ( c a r b u r e t o r h e a t , 
c a b i n h e a t , e t c . ) u n l e s s t h e y a r e s o d i s t i n c t i v e i n 
d e s i g n o r so g u a r d e d t h a t i n a d v e r t e n t o p e r a t i o n 
will n o t o c c u r . 

8.31 Oil-System. I n a i r c r a f t e n g i n e s , t h e 
l u b r i c a t i o n s y s t e m is d e s i g n e d t o m e e t t h e 
p r o b l e m s of h i g h t e m p e r a t u r e s , h i g h b e a r i n g 
s t r e s s e s , a n d p r o p e r f u n c t i o n i n g in al l f l igh t 
a t t i t u d e s of t h e a i r c r a f t , e x c e p t i n v e r t e d . T h e 
h i g h t e m p e r a t u r e of t h e v a r i o u s e n g i n e p a r t s 
t e n d s t o t h i n o u t t h e l u b r i c a n t ( l ower i t s v i s 
c o s i t y ) , w h i c h d e c r e a s e s i t s e f f ec t i venes s in 
o v e r c o m i n g m e t a l l i c f r i c t i on . T h e r e f o r e , p r o 
v i s i o n s m u s t b e m a d e t o coo l t h e oi l e x t e r n a l l y 
e i t h e r b y r a d i a t i o n f r o m t h e s u m p o r b y m e a n s 
of a s e p a r a t e r a d i a t o r . T h e c o o l e d oi l , o n r e 
e n t e r i n g t h e l u b r i c a t i o n s y s t e m of t h e e n g i n e , 
m a t e r i a l l y a s s i s t s in r e d u c i n g t h e h i g h t e m p e r a 
t u r e s of t h e v a r i o u s p a r t s , p a r t i c u l a r l y t h e 
b e a r i n g s . 

T h e oi l p r e s s u r e p u m p a n d i t s d i s t r i b u t i n g 
l i nes a n d p a s s a g e s c i r c u l a t e s t h e oi l u n d e r 
p r e s s u r e t o t h e v a r i o u s w o r k i n g p a r t s of t h e 
e n g i n e so l o n g a s t h e oil is s u p p l i e d t o t h e i n l e t 
s i de of t h e p u m p . T h i s t h e n is t h e f u n c t i o n of 
t h e l u b r i c a t i o n s y s t e m ; t o p r o v i d e a n a d e q u a t e 
s u p p l y of coo led oil t o t h e e n g i n e . 
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8 .310 Oil-System Operation, I n a w e t - s u m p 
e n g i n e , t h e e n t i r e l u b r i c a t i o n s y s t e m i s i n c o r 
p o r a t e d in t h e e n g i n e . 

I n a d r y - s u m p e n g i n e , a n oil s u m p l o c a t e d in 
t h e l o w e s t p o r t i o n of t h e c r a n k c a s e c o l l e c t s al l 
s u r p l u s o i l d r a i n e d f r o m t h e p r e s s u r e s y s t e m . 
A s c a v e n g i n g p u m p r e m o v e s t h e oil f r o m t h e 
s u m p a n d fo rces i t b a c k i n t o t h e e x t e r n a l l u b 
r i c a t i o n s y s t e m w h e r e i t is c o o l e d , c o l l e c t e d , a n d 
r e c i r c u l a t e d t o t h e oi l p r e s s u r e p u m p . I t is 
p r i m a r i l y w i t h r e g a r d t o t h i s e x t e r n a l l u b r i c a t i o n 
s y s t e m t h a t t h e f o l l o w i n g " G o o d P r a c t i c e " 
c o m m e n t s a r e c o n c e r n e d . 

8 .311 Oil-System Arrangement. T h e m a j o r 
u n i t s in a n oi l s y s t e m i n c l u d e t h e s u p p l y t a n k , 
t h e n e c e s s a r y p i p i n g a n d c o n n e c t i o n s , t h e o i l -
t e m p e r a t u r e - r e g u l a t o r a s s e m b l y (oil c o o l e r o r 
r a d i a t o r ) , t h e o i l - t e m p e r a t u r e g a g e , a n d t h e 
o i l - p r e s s u r e g a g e . S o m e m o d e r n l u b r i c a t i o n 
s y s t e m s a l so i n c o r p o r a t e a n o i l - d i l u t i o n s y s t e m . 

T h e s y s t e m s h o u l d b e a r r a n g e d so a s t o 
f u r n i s h oi l b y g r a v i t y t o t h e i n l e t s i d e of t h e 
oil p r e s s u r e p u m p d u r i n g a l l n o r m a l flight 
a t t i t u d e s , f t s h o u l d b e r e a d i l y p o s s i b l e t o 
r e m o v e a l l a i r , w a t e r , o r c l e a n s i n g c o m p o u n d s 
f r o m t h e s y s t e m a f t e r o v e r h a u l . F o a m i n g is 
p r o m o t e d b y a n y of t h e s e fore ign m a t e r i a l s . 

8 .312 Oil Tanks. 
8 . 3 1 2 0 General. O i l s u p p l y t a n k s u s u a l l y 

a r e c o n s t r u c t e d of a l u m i n u m a l l o y , o r s t a i n l e s s 
s t e e l a n d a r e of s u c h d e s i g n a s to p e r m i t i n s t a l l a 
t i o n in t h e a i r c r a f t a s c lose t o t h e e n g i n e a s p o s 
s i b l e . T h e d e s i g n a n d s t r e n g t h p r a c t i c e s o u t 
l i n e d p r e v i o u s l y h e r e i n fo r fuel t a n k s s h o u l d a l so 
b e a p p l i e d t o o i l t a n k s so a s t o p r e c l u d e f a i l u r e s 
f r o m v i b r a t i o n , i n e r t i a , o r fluid l o a d s . F o r oil 
t a n k s h o w e v e r , t h e t a n k s h o u l d b e c a p a b l e of 
w i t h s t a n d i n g a n i n t e r n a l p r e s s u r e of 5 p . s. i. 
i n s t e a d of t h e 3% p . s. i. r e c o m m e n d e d for fuel 
t a n k s . 

8 .3121 Capacity and Expansion Space. T h e 
t a n k c a p a c i t y s h o u l d b e suff ic ient t o a s s u r e a 
s u p p l y of oi l w h i c h is a d e q u a t e for t h e t o t a l - f u e l 
s u p p l y . T h e c u s t o m a r y r a t i o for n o n - t r a n s 
p o r t - t y p e a i r c r a f t is a p p r o x i m a t e l y 1 g a l l o n of 
oil for e v e r y 2 5 g a l l o n s of fuel c a p a c i t y , b u t n o t 
less t h a n 1 g a l l o n for e a c h 7 5 m a x i m u m c o n 
t i n u o u s h o r s e p o w e r of t h e e n g i n e i n v o l v e d . 
T h i s d o c s n o t i n c l u d e t h e oil in t h e p i p i n g , oi l -
t e m p e r a t u r e r e g u l a t o r , a n d e n g i n e . I n a d d i 
t i o n t o p r o v i d i n g for t h e r a t e d oil c a p a c i t y of 

t h e t a n k , t h e t a n k v o l u m e s h o u l d b e s u c h a s t o 
i n c l u d e a n e x p a n s i o n s p a c e w h i c h c a n n o t b e 
i n a d v e r t e n t l y filled w i t h oil w h e n t h e a i r p l a n e 
is in t h e n o r m a l g r o u n d a t t i t u d e . S u c h e x p a n 
s ion s p a c e s h o u l d b e a t l e a s t 10 p e r c e n t of t h e 
t a n k v o l u m e e x c e p t t h a t i t s h o u l d b e in n o c a s e 
l ess t h a n o n e - h a l f g a l l o n . T h i s c a n b e a c c o m 
p l i s h e d b y l o c a t i n g t h e filler l ip w i t h r e s p e c t t o 
t h e g r o u n d a n g l e so t h a t i t c o n t r o l s t h e m a x i 
m u m leve l . 

8 .3122 Outlet. T h e t a n k o u t l e t u s u a l l y is 
l o c a t e d a t i t s l o w e s t s e c t i o n t o pe rmi t , c o m p l e t e 
d r a i n a g e w h i l e t h e a i r c r a f t is in t h e g r o u n d 
p o s i t i o n o r in n o r m a l flight a t t i t u d e . T h e 
t a n k - i n l e t l i ne f r o m t h e o i l - t e m p e r a t u r e r e g u 
l a t o r u s u a l l y e n t e r s t h e t o p of t h e t a n k a n d 
s h o u l d b e of t h e s a m e s ize a s t h e o u t l e t l i n e . 

8 .3123 Ventti. T h e v e n t s s h o u l d b e l o c a t e d 
a t t h e t o p of t h e t a n k a n d s h o u l d n o t b e a t 
t a c h e d t o t h e filler n e c k o r i n c o r p o r a t e d in t h e 
filler c a p . T h e y s h o u l d b e so a r r a n g e d t h a t 
t h e oil t a n k wil l b e p r o p e r l y v e n t e d a t al l 
flight a t t i t u d e s of t h e a i r p l a n e w h e n t h e t a n k 
is filled t o i t s r a t e d c a p a c i t y . 

I n m o s t i n s t a n c e s , t h e c r a n k c a s e is v e n t e d 
t h r o u g h s u i t a b l e p i p i n g t o t h e t o p of t h e oi l 
s u p p l y t a n k . T w o v e n t l i ne s a r e u s e d o n 
h i g h e r - p o w e r e d e n g i n e s , o n e t o v e n t t h e p o w e r 
s e c t i o n a n d t h e o t h e r t o v e n t t h e a c c e s s o r y 
s e c t i o n . W h e r e oil t a n k s a r c n o t v e n t e d t o t h e 
e n g i n e c r a n k c a s e , spec i a l p r e c a u t i o n s s h o u l d b e 
t a k e n t o p r e v e n t o v e r f l o w o r a fire h a z a r d . N o 
t r a p s o r p o c k e t s s h o u l d ex i s t in o i l - t a n k v e n t 
l i nes . 

8 .3124 Quantity Indicator. A s u i t a b l e m e a n s 
s h o u l d b e p r o v i d e d a t t h e t a n k t o d e t e r m i n e t h e 
a m o u n t of oil in t h e t a n k . A n oil g a g e of t h e 
b a y o n e t t y p e is c o n s i d e r e d s u i t a b l e a s a m e a n s 
of d e t e r m i n i n g t h e a m o u n t of oi l , p r o v i d e d i t 
is m a r k e d in g a l l o n s a n d i n d i c a t e s t h e oil l e v e l 
d o w n to t h e l a s t 20 p e r c e n t of t h e oil c a p a c i t y . 

T h e g a g e n e e d o n l y b e a c c e s s i b l e d u r i n g 
filling. E v e n t h o u g h a c o c k p i t g a g e m a y b e 
p r o v i d e d , t h e r e s h o u l d a l so b e a g a g e o n t h e 
t a n k . 

8 .3125 Oil-Tank Installation. T h e oil s u p p l y 
t a n k s h o u l d p r e f e r a b l y b e l o c a t e d a s h i g h a b o v e 
t h e p u m p in l e t a s p r a c t i c a b l e . A c t u a l l y , t h e 
t a n k s h o u l d b e l o c a t e d so t h a t i t s o u t l e t is 
suf f i c ien t ly a b o v e t h e e n g i n e o i l - p u m p i n l e t 
w h e n t h e a i r c r a f t is in i t s g r o u n d p o s i t i o n , t o 
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p r o v i d e a p o s i t i v e h e a d of o i l a t t h e p u m p . 
S u c t i o n l i f t s b e t w e e n t h e t a n k o u t l e t a n d t h e 
p u m p in le t s h o u l d b e a v o i d e d . 

A s a p p l i c a b l e , t h e s a m e p r o v i s i o n s a n d p r a c 
t i c e s r e c o m m e n d e d p r e v i o u s l y h e r e i n for i n s t a l l 
i n g fuel t a n k s s h o u l d b e a p p l i e d t o t h e i n s t a l l a 
t i o n of t h e oil t a n k . T h e s e p r o v i s i o n s a n d 
p r a c t i c e s c o n c e r n (a ) t h e m e t h o d of s u p p o r t i n g 
t h e t a n k t o a s s u r e p r o p e r d i s t r i b u t i o n of l o a d s , 
(b) p r o t e c t i n g t h e t a n k s a g a i n s t c h a f i n g a n d 
c o r r o s i o n , (c) p r o t e c t i o n of flexible l i n e r s , if 
u s e d , a n d (d) v e n t i l a t i o n a n d d r a i n a g e of t a n k 
c o m p a r t m e n t s . 

Oi l filler o p e n i n g s s h o u l d b e p l a i n l y m a r k e d 
w i t h t h e r a t e d c a p a c i t y a n d t h e w o r d " o i l . " 
T h e o p e n i n g s h o u l d b e p r o v i d e d w i t h a s a t i s 
f a c t o r y c a p w h i c h s h o u l d fit t i g h t l y t o a v o i d 
oil l e a k a g e a n d p r e v e n t loss of oil in flight. 
W i t h s y s t e m s w h i c h p r o v i d e a v e n t t o t h e 
c r a n k c a s e , t h e c a p s h o u l d b e t i g h t w i t h n o 
h o l e s for v e n t i n g c o n t a i n e d in i t . Al l r e c e s s e d 
filler n e c k s s h o u l d b e p r o v i d e d w i t h s u i t a b l e 
d r a i n s . 

8 3 1 3 Oil Radiator. T h e oi l r a d i a t o r o r 
coo le r s h o u l d b e s u i t a b l y m o u n t e d in t h e r e t u r n 
l i n e ( b e t w e e n t h e s c a v e n g i n g p u m p a n d s u p p l y 
t a n k ) a n d e q u i p p e d w i t h a s u i t a b l e d r a i n o r 
d r a i n p l u g . 

A relief v a l v e s h o u l d b e p r o v i d e d e i t h e r b u i l t 
i n t o t h e r a d i a t o r o r in t h e l ine a h e a d of t h e 
r a d i a t o r in o r d e r t o p r e c l u d e e x c e s s i v e p r e s s u r e s 
b e i n g b u i l t u p i n t h e c o r e . V a r i o u s s ize coo l e r s 
a r e u s e d d e p e n d i n g u p o n t h e a m o u n t of oil 
c i r c u l a t e d t h r o u g h t h e p a r t i c u l a r e n g i n e . T h e 
oil t e m p e r a t u r e m a y b e c o n t r o l l e d b y m e a n s of 
a t h e r m o s t a t i c a l l y o p e r a t e d v a l v e , t o c o n t r o l 
t h e p a s s a g e of oi l t h r o u g h t h e r a d i a t o r , a n d b y 
a s h u t t e r a s s e m b l y i n s t a l l e d in t h e a i r ex i t s i de 
of t h e r a d i a t o r . 

T h e m o u n t i n g of t h e oil r a d i a t o r s h o u l d b e 
g i v e n p a r t i c u l a r a t t e n t i o n so t h a t e x c e s s i v e 
v i b r a t o r y s t r e s s e s wi l l n o t d e v e l o p in t h e coo le r 
e l e m e n t s a n d t h e i r a t t a c h m e n t s . W h e r e m o u n t 
i n g l u g s a r e p r o v i d e d , t h e y s h o u l d b e of r u g g e d 
c o n s t r u c t i o n a n d t h e i r a t t a c h m e n t d e s i g n s h o u l d 
b e s u c h a s t o a v o i d loca l c o n c e n t r a t i o n of 
s t r e s s e s . I n g e n e r a l , t h e r a d i a t o r s h o u l d b e 
m o u n t e d o n n o n a b s o r b e n t p a d s o r o t h e r 
c u s h i o n i n g m a t e r i a l . 

8 .314 Oil-Temperature Gage. A s u i t a b l e 
m e a n s s h o u l d b e p r o v i d e d fo r m e a s u r i n g t h e 

oil t e m p e r a t u r e n e a r t h e e n g i n e i n l e t . A s p l i c e 
o r Y c o n n e c t i o n in a l u m i n u m t u b i n g fo r t h e 
p u r p o s e of i n s e r t i n g t h e t h e r m o m e t e r b u l b is 
s a t i s f a c t o r y p r o v i d i n g t h e t u b i n g h a s a w a l l 
t h i c k n e s s of 0 .049 i n c h o r m o r e . W h e n t h e 
e n g i n e m a n u f a c t u r e r p r o v i d e s a s t a n d a r d c o n 
n e c t i o n t o t h e e n g i n e c r a n k c a s e for a n o i l -
t e m p e r a t u r e b u l b , s u c h a l o c a t i o n for t h e b u l b 
s h o u l d b e u s e d . C a l i b r a t i o n of a n o i l - t e m p e r a 
t u r e g a g e m a y b e r e a d i l y a c c o m p l i s h e d b y 
i m m e r s i n g t h e t e m p e r a t u r e b u l b in b o i l i n g 
w a t e r . 

8 .315 Oil-System Lines, Fittings and Acces
sories. O i l - s y s t e m p l u m b i n g is g e n e r a l l y s i m p l e r 
t h a n f u e l - s y s t e m p l u m b i n g a n d t h e l i nes a r e 
l a r g e r in d i a m e t e r . N e v e r t h e l e s s , t h e p r e 
c a u t i o n a r y d e t a i l s a n d p l u m b i n g p r a c t i c e s 
d e s c r i b e d p r e v i o u s l y h e r e i n for t h e fuel s y s t e m 
s h o u l d b e c o m p l i e d w i t h , a s a p p l i c a b l e , i n t h e 
d e s i g n a n d i n s t a l l a t i o n of t h e o i l - s y s t e m l i n e s , 
fittings, a n d a c c e s s o r i e s . 

8 .316 Oil-System Drains. W i t h r e g a r d t o 
t h e o i l - s y s t e m d r a i n s , o n e o r m o r e a c c e s s i b l e 
d r a i n s s h o u l d b e p r o v i d e d a t t h e l o w e s t p o i n t 
in t h e s y s t e m t o d r a i n a l l t h e m a j o r p a r t s of 
t h e s y s t e m w h e n t h e a i r p l a n e i s in i t s n o r m a l 
p o s i t i o n o n level g r o u n d . W h e n t h e s y s t e m 
e m p l o y s a n oi l t e m p e r a t u r e r a d i a t o r , i t is 
u s u a l l y n e c e s s a r y t o p r o v i d e a d r a i n b o t h i n 
t h e r a d i a t o r a n d in t h e s y s t e m . T h e s e d r a i n s 
a r e n o t i n t e n d e d t o r e m o v e oil f r o m t h e e n g i n e 
c r a n k c a s e w h i c h s h o u l d b e d r a i n e d b y r e m o v i n g 
t h e e n g i n e - s u m p p l u g . I t s h o u l d b e p o s s i b l e 
t o d r a i n p r a c t i c a l l y al l t h e oil in t h e l i n e s b y 
m e a n s of t h e t a n k a n d r a d i a t o r d r a i n s . T h e 
d r a i n v a l v e s s h o u l d i n c o r p o r a t e m e a n s for 
l o c k i n g t h e m in t h e c losed p o s i t i o n . 

T h e f o l l o w i n g a r e r e c o m m e n d e d a s fire-
p r o t e c t i o n m e a s u r e s : 

(a) A fire-resistant, o i l - in l e t l i n e c o n s i s t i n g of 
a fire-resistant h o s e w i t h a s s e m b l e d e n d fittings 
r a t h e r t h a n h o s e c l a m p s . 

(b) A m e a n s of s h u t t i n g off t h e oil flow 
f o r w a r d of t h e firewall. T h e shu to f f s h o u l d 
b e i m m e d i a t e l y o p e r a b l e f r o m t h e c o c k p i t i n 
t h e e v e n t of a n e m e r g e n c y . 

8 .317 Engine Breather Lines. C r a n k c a s e 
b r e a t h e r s a r e p r o v i d e d o n t h e e n g i n e t o r e l i e v e 
i n t e r n a l p r e s s u r e r e s u l t i n g f r o m h i g h t e m p e r a 
t u r e s a n d h i g h - s p e e d p i s t o n o p e r a t i o n . T h e 
c o n d i t i o n r e s u l t i n g f r o m a c l o g g e d b r e a t h e r l i n e 
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m a y b e h a z a r d o u s a n d t h e r e f o r e p r e c a u t i o n s 
s h o u l d b e t a k e n in t h e i n s t a l l a t i o n t o p r e c l u d e 
t h e p o s s i b i l i t y of t h e b r e a t h e r l ine f r eez ing d u r 
i n g co ld w e a t h e r . T h e fo l l owing i n s t a l l a t i o n 
p r a c t i c e is r e c o m m e n d e d : 

(a) T h e b r e a t h e r l ine s h o u l d n o t d i s c h a r g e 
i n t o t h e c a r b u r e t o r c o l d - a i r i n t a k e . S u c h a n 
a r r a n g e m e n t i n t r o d u c e s w a t e r v a p o r i n t o t h e 
e n g i n e - i n d u c t i o n s y s t e m w h i c h in t u r n is c o n 
d u c i v e t o c a r b u r e t o r i c ing . C o n s e q u e n t l y , t h e 
p r a c t i c e is c o n s i d e r e d d a n g e r o u s . 

(b) I t is p r e f e r a b l e t o r u n t h e b r e a t h e r l ine 
d o w n i n s i d e a n d to t h e r e a r of t h e c o w l i n g , a n d 
so r o u t e d t h a t i t is n o t e x p o s e d t o a d i r e c t b l a s t 
of co ld a i r f r o m o p e n i n g s in t h e cowl . T h e l i n e 
s h o u l d t e r m i n a t e j u s t o u t s i d e o r flush w i t h t h e 
c o w l i n g , o r j u s t i n s i d e t h e c o w l i n g if p o s s i b l e 
w h e r e w a r m a i r f r o m t h e e n g i n e wil l flow o v e r 
t h e b r e a t h e r a n d p r e v e n t t h e f r eez ing of m o i s 
t u r e c o n d e n s e d f rom t h e b r e a t h e r v a p o r s . I n 
a n y e v e n t t h e d i s c h a r g e s h o u l d b e so d i s p o s e d 
t h a t (1) t h e p o s s i b l e h a z a r d of ice a c c r e t i o n s 
b u i l d i n g u p a n d c l o g g i n g t h e l ine is m i n i m i z e d , 
(2) no fire h a z a r d will ex i s t f r o m t h e v a p o r s o r 
s p r a y , a n d (3) t h e p o s s i b i l i t y of oil s p r a y i n g o n 
t h e w i n d s h i e l d , in c a s e of e n g i n e m a l f u n c t i o n 
i n g , a n d t h u s i m p a i r i n g t h e p i l o t ' s v i s i on , will 
b e a v o i d e d . 

(c) I n n o c a s e s h o u l d t h e b r e a t h e r l i ne r u n 
o u t s i d e t h e c o w l i n g for a n a p p r e c i a b l e d i s t a n c e 
w i t h o u t a d e q u a t e i n s u l a t i o n . 

8.4 Cooling 
I n al l a i r c r a f t - c o o l i n g s y s t e m s , a i r is u s e d 

e i t h e r d i r e c t l y o r i n d i r e c t l y , t o c a r r y h e a t a w a y 
from t h e c y l i n d e r s . I n a l m o s t al l c ivi l a i r c r a f t 
e n g i n e s t h i s is d o n e d i r e c t l y , w i t h o u t a n i n t e r 
m e d i a t e - l i q u i d c o o l a n t . T h e p r o b l e m of c o o l i n g 
a n a i r - c o o l e d e n g i n e l a r g e l y r e s o l v e s i tself i n t o : 

(a) E x p o s i n g a suff ic ient s u r f a c e a r e a of t h e 
c y l i n d e r s t o t h e c o o l i n g a i r f low. T h e s u r f a c e 
a r e a of t h e c y l i n d e r s e x p o s e d t o t h e c o o l i n g a i r 
flow is i n c r e a s e d b y u s e of c o o l i n g fins effec
t i v e l y d i s t r i b u t e d t o p r o v i d e u n i f o r m e o o l i n g 
o v e r t h e e n t i r e c o m b u s t i o n c h a m b e r , i n c l u d i n g 
s p a r k - p l u g b o s s e s a n d e x h a u s t v a l v e s . 

(b) D i r e c t i n g t h e a i r ef f ic ient ly a g a i n s t al l 
p a r t s of t h e c y l i n d e r s . A p r o p e r l y d e s i g n e d 
s y s t e m of i n t e r - c y l i n d e r a n d c y l i n d e r - h e a d 
baffles is u s e d t o force t h e c o o l i n g a i r i n t o c lose 
c o n t a c t w i t h al l p a r t s of t h e c y l i n d e r s . 

(c) P r o v i d i n g a suff ic ient c o o l i n g a i r f low, a n d , 
if n e c e s s a r y , s o m e m e a n s of r e g u l a t i n g t h e a i r 
flow in r e s p o n s e t o v a r y i n g c o n d i t i o n s . A flow 
of c o o l i n g a i r suf f ic ient t o c a r r y a w a y t h e h e a t 
f rom t h e c y l i n d e r s is o b t a i n e d b y m e a n s of t h e 
cowl w h i c h e n c l o s e s t h e e n g i n e . T h e flow of 
c o o l i n g a i r m a y b e r e g u l a t e d b y a s e r i e s of 
a d j u s t a b l e c o w l flaps a t t h e r e a r of t h e c o w l i n g . 
T h e r a t e of c o o l i n g v a r i e s w i t h t h e t e m p e r a t u r e 
of t h e a i r . A l s o s o m e c o o l i n g is a c c o m p l i s h e d 
b y t h e d i s s i p a t i o n of h e a t t o t h e l u b r i c a t i n g oi l . 

8 .40 Cooling Tests. If t h e a i r p l a n e h a s a 
s u b s t a n t i a l c o o l i n g m a r g i n i t m a y n o t b e n e c e s 
s a r y t o c o n d u c t c o o l i n g t e s t s for m i n o r c h a n g e s 
in t h e c o m p o n e n t s a f fec t ing t h e c o o l i n g c h a r a c 
t e r i s t i c s . H o w e v e r , w h e n m a j o r c h a n g e s i n 
v o l v i n g t h e c o o l i n g s y s t e m a r e m a d e in a n 
a i r p l a n e , c o o l i n g t e s t s s h o u l d b e c o n d u c t e d t o 
a s s u r e t h a t s a t i s f a c t o r y c o o l i n g c h a r a c t e r i s t i c s 
a r e st i l l m a i n t a i n e d . P r o p e l l e r c h a n g e s m a y 
a lso n e c e s s i t a t e c o o l i n g t e s t s b e i n g c o n d u c t e d . 
F o r e x a m p l e , c h a n g i n g f r o m a fixed-pitch w o o d 
t o a n a d j u s t a b l e - p i t c h p r o p e l l e r n o r m a l l y r e 
s u l t s in a d e c r e a s e of t h e q u a n t i t y of c o o l i n g a i r 
flowing p a s t v a r i o u s p a r t s of t h e e n g i n e , d u e t o 
t h e f ac t t h a t a i r foi l s e c t i o n s of t h e p r o p e l l e r 
b l a d e d o n o t e x t e n d a s far in t o w a r d t h e c e n t e r 
of t h e h u b o n a n a d j u s t a b l e p r o p e l l e r a s t h e y 
d o on a fixed-pitch p r o p e l l e r . 

T h e c o o l i n g t e s t s t o d e t e r m i n e t h a t t h e m a x i 
m u m t e m p e r a t u r e s for w h i c h t h e e n g i n e w a s 
c e r t i f i c a t e d wi l l n o t b e e x c e e d e d s h o u l d b e c o n 
d u c t e d b y flying t h e a i r p l a n e u n d e r m a x i m u m 
c o n t i n u o u s p o w e r a t b e s t - r a t e - o f - c l i m b s p e e d . 
(A s p e e d o n e - t h i r d of t h e w a y b e t w e e n t h e 
power-of f s t a l l i n g s p e e d a n d t h e m a x i m u m l e v e l -
flight s p e e d . ) S u c h flight s h o u l d c o n t i n u e fo r 
a p p r o x i m a t e l y 5 m i n u t e s a f t e r t h e t e m p e r a t u r e s 
p e a k o r d r o p off, t o a s s u r e t h a t s t a b i l i z a t i o n h a d 
b e e n r e a c h e d . R e a d i n g s s h o u l d b e t a k e n , a t 
t h e p e a k , of t h e h o t t e s t c y l i n d e r - h e a d t e m p e r 
a t u r e , t h e h o t t e s t c y l i n d e r - b a r r e l t e m p e r a t u r e , 
t h e o i l - in le t t e m p e r a t u r e , a t t i t u d e , a n d o u t 
s i d e - a i r t e m p e r a t u r e . T h e o b s e r v e d t e m p e r a 
t u r e s t h u s o b t a i n e d s h o u l d b e c o n v e r t e d t o 
v a l u e s u n d e r c o n d i t i o n s of o p e r a t i o n w h e n t h e 
o u t s i d e t e m p e r a t u r e is 100° F . a t s ea l e v e l . 
T h i s 100° F . t e m p e r a t u r e is t h e c o m m o n l y a c 
c e p t e d " h o t d a y s t a n d a r d " for e x t r e m e c o n 
d i t i o n s u n d e r w h i c h a n a i r p l a n e s h o u l d b e a b l e 
t o o p e r a t e w i t h o u t o v e r h e a t i n g . T o m a k e t h i s 
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c o n v e r s i o n , t h e fo l lowing f o r m u l a s s h o u l d b e 
u s e d : 

(a) C y l i n d e r - h e a d t e m p e r a t u r e c o r r e c t i o n : 
f , = T„ - [ 1 0 0 - T 4 - (0 .0036 X A) ] 

(b ) C v l i n d e r - b a r r e l t e m p e r a t u r e c o r r e c t i o n : 
T C = T 0 — 0 . 7 1 1 0 0 — T a — ( 0 . 0 0 3 6 X A)) 

(c) Oi l - in le t t e m p e r a t u r e c o r r e c t i o n : 
T t = T o - [ 1 0 0 - T s - i 0 . 0 0 3 6 x A ' i ] 

W h e r e : 
T c = c o r r e c t e d t e m p e r a t u r e . 
T 0 = o b s e r v e d t e m p e r a t u r e . 
T 4 = o u t s i d e a i r t e m p e r a t u r e a t w h i c h p e a k 

t e m p e r a t u r e o c c u r r e d . 
A ^ a l t i t u d e a t w h i c h p e a k t e m p e r a t u r e 

o c c u r r e d , 
8.41 Accessory Cooling. I n a d d i t i o n t o coo l 

i n g of t h e e n g i n e p r o p e r , c o n s i d e r a t i o n s h o u l d 
a l so b e g i v e n t o a d e q u a t e c o o l i n g for t h e a c c e s 
so r i e s c o m p a r t m e n t . T h i s m a y b e a c c o m p l i s h e d 
in m a n y i n s t a n c e s b y m e a n s of c o o l i n g - a i r d u c t s 
r o u t e d so as t o d u c t r a m a i r d i r e c t l y t o c r i t i c a l 
c o m p o n e n t s s u c h a s m a g n e t o s , g e n e r a t o r s , e t c . 

8 .42 Raffle*. E n g i n e - c y l i n d e r , h o l d - d o w n 
n u t s o r s t u d s s h o u l d n o t b e u s e d for m o u n t i n g 
o r s e c u r i n g baffles, b r a c e s , e t c . . u n l e s s t h e baffles 
a r e m a d e of t h e s a m e m a t e r i a l a s t h e w a s h e r s 
e m p l o y e d b y t h e e n g i n e m a n u f a c t u r e r . O t h e r 
m a t e r i a l s m a y a g g r a v a t e c y l i n d e r f a i l u r e s d u e 
t o t h e s t u d s l o o s e n i n g b e c a u s e of t h e baffle 
m o u n t i n g s q u e e z i n g o u t f r o m u n d e r t h e n u t . 

8.5 Induction System 
T h e f u n c t i o n of t h e i n d u c t i o n s y s t e m is t o 

d u c t t h e n e c e s s a r y s u p p l y of a i r t o t h e c o m b u s 
t i o n s y s t e m of t h e e n g i n e . T h e c o n d i t i o n of t h i s 
a i r a t t h e e n t e r i n g face of t h e c a r b u r e t o r is 
e x t r e m e l y i m p o r t a n t . F o r p r o p e r o p e r a t i o n , it 
is e s s e n t i a l t h a t t h e a i r f low s h o u l d b e s m o o t h 
a n d u n i f o r m , c l e a n a n d u n r e s t r i c t e d t h r o u g h o u t 
t h e r a n g e of h o r s e p o w e r s e x p e c t e d f rom t h e 
e n g i n e . C o n s e q u e n t l y , s t a r t i n g a t t h e p o i n t 
w h e r e a t m o s p h e r i c a i r is p i c k e d u p , e q u a l c o n 
s i d e r a t i o n s h o u l d b e g i v e n t o t h e d u c t i n g , el
b o w s , p r e h e a t d o o r s , muf f s a n d o t h e r d e v i c e s 
w h i c h a r e i n t e r p o s e d b e t w e e n t h e free a i r a n d 
t h e c a r b u r e t o r . 

8 .50 Induction-System Arrangement. I n t a k e 
o p e n i n g s for t h e i n d u c t i o n s y s t e m s h o u l d b e 
c o m p l e t e l y o u t s i d e t h e e n g i n e - c o m p a r t m e n t 
c o w l i n g u n l e s s t h e h a z a r d of b a c k f i r e f l a m e s is 

p o s i t i v e l y e l i m i n a t e d , a n d t h e s y s t e m s h o u l d 
c o m p l y w i t h t h e fo l lowing : 

(a) I n t a k e p a s s a g e s s h o u l d b e of suf f ic ien t 
c r o s s - s e c t i o n a l a r e a t o s u p p l y t h e r e q u i r e d 
a m o u n t of a i r t o t h e e n g i n e w i t h o u t e x c e s s i v e 
p r e s s u r e lo s s . M o r e o v e r , t h e y s h o u l d b e of 
suff ic ient s t r e n g t h , r i g i d i t y , a n d of p r o p e r m a 
t e r i a l t o w i t h s t a n d a i r l o a d s a n d b a c k f i r e s . 
T h e l o c a t i o n of t h e i n t a k e s h o u l d b e s u c h a s t o 
o b t a i n c l e a n , u n d i l u t e d a i r free f r o m d u s t o r 
e x h a u s t g a s e s . T h e u s e of a i r filters g r e a t l y 
r e d u c e s c y l i n d e r w e a r in o p e r a t i o n s f r o m u n 
p r e p a r e d l a n d i n g a r e a s . A l so , s u i t a b l e d r a i n s 
s h o u l d b e p r o v i d e d in al l i n t a k e p a s s a g e s t o 
f a c i l i t a t e r a p i d d r a i n a g e of a n y fuel w h i c h m a y 
b e p r e s e n t in t h e s y s t e m w i t h t h e a i r p l a n e in 
t h e g r o u n d o r f l ight a t t i t u d e . S u c h d r a i n s 
s h o u l d d i s c h a r g e s o a s t o p r e c l u d e p o s s i b l e c o n 
t a c t w i t h t h e e x h a u s t m a n i f o l d o r e x h a u s t g a s e s . 

(b) S c r e e n s s h o u l d o n l y b e u s e d if t h e y c a n 
b e b y p a s s e d b y m e a n s of t h e a l t e r n a t e a i r 
i n t a k e in ca se t h e y b e c o m e iced o r o b s t r u c t e d . 

(c) A n a l t e r n a t e a i r s u p p l y m u s t b e f u r n i s h e d 
a n d s h o u l d p r o v i d e a n a d e q u a t e m e a n s ( h o t a i r ) 
for a v a i l a b l e use w h e n n e e d e d t o m e l t ice o r t o 
p r e v e n t i t s f o r m a t i o n in t h e a i r - i n t a k e p a s s a g e s 
a n d t h e c a r b u r e t o r . T h e l o c a t i o n a n d o p e r a t i o n 
of a i r v a l v e s s h o u l d b e s u c h a s t o p e r m i t p o s i t i v e 
a n d u n i f o r m c o n t r o l a n d m i x i n g of h o t a n d co ld 
a i r so t h a t u n i f o r m a i r t e m p e r a t u r e a n d p r e s s u r e , 
w i t h o u t s t r a t i f i c a t i o n , wil l ex i s t a t t h e c a r b u 
r e t o r . 

(d) E n t r a n c e o r s c o o p l o c a t i o n s h a v e b e e n 
success fu l w h e n l o c a t e d o n t h e l e a d i n g e d g e of 
t h e N*ACA-cowl r i n g , w i t h i n t h e N A C A - c o w l 
n o s e r i n g , a n d s h o r t s c o o p s p r o t r u d i n g f r o m t h e 
a c c e s s o r y c o m p a r t m e n t . W h e n l o c a t e d o n t h e 
l e a d i n g e d g e of t h e c o w l r i n g , t h e e n t r a n c e is 
c lose t o t h e p r o p e l l e r a n d h e n c e t h e r e is l e s s 
p o s s i b i l i t y t h a t d u s t a n d d i r t , w h i p p e d u p b y 
t h e p r o p e l l e r t i p , will b e i n t r o d u c e d i n t o t h e 
s c o o p . 

(e) I n o r d e r t o o b t a i n u n i f o r m d i s t r i b u t i o n 
of a i r p r e s s u r e a n d t e m p e r a t u r e a t t h e c a r 
b u r e t o r e n t r a n c e , t h e d u c t i m m e d i a t e l y a h e a d 
of t h e c a r b u r e t o r i n l e t s h o u l d b e s t r a i g h t for a 
d i s t a n c e of a p p r o x i m a t e l y f o u r t i m e s t h e d e p t h 
o r d i a m e t e r of t h e d u c t , if p o s s i b l e . T h e h o t 
a l t e r n a t e a i r s u p p l y s h o u l d t i e i n t o t h i s d u c t a t 
a p o i n t p r i o r t o t h e s t r a i g h t s e c t i o n . S o m e 
w h e r e in t h e i n d u c t i o n s y s t e m , be fo re t h e c a r -
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b u r e t o r , a flexible j o i n t is r e q u i r e d in t h e d u c t 
t o p r o v i d e r e l a t i v e m o v e m e n t of t h e c a r b u r e t o r 
w i t h r e s p e c t t o t h e c o w l i n g o r p o r t i o n s of t h e 
d u c t a t t a c h e d t o r i g i d s t r u c t u r e . 

5.51 Air Cleaners. I n t a k e - s y s t e m a i r 
c l e a n e r s o r b a c k f i r e a r r e s t e r s , if i n s t a l l e d , s h o u l d 
s a t i s f y t h e f o l l o w i n g p r o v i s i o n s : 

(a) M e a n s s h o u l d b e p r o v i d e d t o p e r m i t 
a d e q u a t e a i r t o e n t e r t h e c a r b u r e t o r in t h e e v e n t 
t h e c l e a n e r b e c o m e s c l o g g e d w i t h s n o w , ice, 
d i r t , e t c . A s i m p l e s p r i n g l o a d e d i n t a k e w h i c h 
will o p e n b y m e a n s of s u c t i o n if t h e m a i n i n t a k e 
is o b s t r u c t e d is a d e s i r a b l e m e a n s of a c c o m p l i s h i n g 
t h i s . 

(b) I n s t a l l a t i o n of t h e a i r c l e a n e r o r b a c k f i r e 
flame a r r e s t e r s h o u l d n o t i n t e r f e r e w i t h t h e 
p r o p e r o p e r a t i o n of t h e c a r b u r e t o r - a i r p r e h e a t 
ing s y s t e m . 

(c) W h e r e flame a r r e s t e r s a r e u s e d t o d r a w 
a i r f r o m i n s i d e t h e e n g i n e a c c e s s o r y s e c t i o n 
c o w l i n g , b a c k f i r e a n d flame p e n e t r a t i o n t e s t s 
s h o u l d b e c o n d u c t e d t o e s t a b l i s h t h a t h a z a r d 
f r o m b a c k f i r e is p o s i t i v e l y e l i m i n a t e d , b o t h f r o m 
t h e c o n s i d e r a t i o n of f l ame p e n e t r a t i o n a n d t h e 
a b i l i t y of t h e i n d u c t i o n s y s t e m t o w i t h s t a n d 
b a c k f i r e p r e s s u r e s . 

(d) T h e effect of t h e d e v i c e u p o n t h e p e r 
f o r m a n c e of t h e e n g i n e s h o u l d b e c h e c k e d b y 
s u i t a b l e t e s t s . G r o u n d t e s t s s h o u l d b e suff icient 
u n l e s s i t is f o u n d t h a t t h e e n g i n e is a d v e r s e l y 
a f fec ted . 

8 .52 Induction-System Anti-Icing Provisions. 
8.520 Icing Hazards. A t m o s p h e r i c , i c i n g 

c o n d i t i o n s e n c o u n t e r e d in f l ight m a k e it n e c e s 
s a r y t h a t p r o v i s i o n s b e i n c o r p o r a t e d in t h e 
i n d u c t i o n s y s t e m t o p r e v e n t t h e f o r m a t i o n of 
ice in t h e c a r b u r e t o r a n d a i r i n t a k e . S u c h 
p r e c a u t i o n s a r e n e c e s s a r y in o r d e r t o p r e c l u d e 
t h e p o s s i b i l i t y of e n g i n e f a i lu re b e c a u s e of a n 
insuf f ic ien t s u p p l y of a i r o r fuel , i n t e r f e r e n c e 
w i t h p r o p e r fuel m e t e r i n g , o r t h r o u g h i m p e r f e c t 
fuel v a p o r i z a t i o n . T y p e s of ice w h i c h m a y 
f o r m in t h e i n d u c t i o n s y s t e m a r e l i s t ed a n d 
d e s c r i b e d a s f o l l o w s : 

8 .5200 Impact Ice. T h i s f o r m s f r o m w a t e r 
w h i c h o r i g i n a l l y e x i s t e d in t h e a t m o s p h e r e a s 
s n o w , s l ee t , o r s u b c o o l e d l i q u i d , a n d a lso f o r m s 
f r o m l i q u i d w a t e r i m p i n g i n g o n s u r f a c e s w h i c h 
a r e a t t e m p e r a t u r e s b e l o w 3 2 ° F . T h i s ice 
co l l ec t s n e a r a s u r f a c e a n d a t p o i n t s w h e r e 
c h a n g e s in t h e d i r e c t i o n of a i r f low t a k e p l a c e so 

t h a t t h e w a t e r o r ice p a r t i c l e s w i t h a d e n s i t y 
m u c h g r e a t e r t h a n t h e a i r i m p i n g e u p o n t h a t 
s u r f a c e . T h e m o s t d a n g e r o u s i m p a c t ice is t h a t 
w h i c h m a y co l l ec t o n t h e m e t e r i n g e l e m e n t s of 
t h e c a r b u r e t o r a n d af fec t t h e fue l - a i r r a t i o . 
O t h e r c r i t i c a l p o i n t s a r e t h e p r e h e a t v a l v e a n d 
t h e w a l l s of t h e s c o o p n e a r i t , t h e roof of t h e 
s c o o p n e a r i t , t h e roof of t h e s c o o p e l b o w , a n d 
on s c r e e n s t h a t m a y b e in t h e s y s t e m . 

8 .5201 Throttle Ice. T h i s t y p e f o r m s a t o r 
n e a r t h e t h r o t t l e in a p a r t l y c losed p o s i t i o n 
{up t o 3 0 ° ) d u e t o c o o l i n g effect r e s u l t i n g f r o m 
t h e i n c r e a s e in k i n e t i c e n e r g y ( i n c r e a s e d v e l o c 
i t y ) of t h e a i r in t h e r e s t r i c t e d f low a r e a . I t 
c o l l e c t s o n m e t a l p a r t s a n d c o n s i s t s m a i n l y of 
p a r t i c l e s w h i c h f reeze o u t s i d e of t h e b o u n d a r y 
l a y e r a n d a r e c a r r i e d t o t h e m e t a l s u r f a c e s , s u c h 
a s t h e t h r o t t l e b u t t e r f l y , b y t h e i r i n i t i a l m o m e n 
t u m . 

8 .5202 Refrigeration Ice. T h i s f o r m s a s a 
r e su l t of t h e c o o l i n g effect of t h e fuel e v a p o r a t i n g 
a f t e r t h e fuel is i n t r o d u c e d i n t o t h e a i r s t r e a m . 
T h i s wil l p r o b a b l y o c c u r m o s t f r e q u e n t l y i n 
flight, b e c a u s e t h e ice m a y f o r m a t c a r b u r e t o r -
a i r t e m p e r a t u r e s c o n s i d e r a b l y a b o v e 3 2 ° F . 
F o r s o m e float t y p e c a r b u r e t o r s i t is p o s s i b l e i n 
r a r e i n s t a r t c e s t o a c c u m u l a t e s e r i o u s i ce d u r i n g 
a g l i d e w i t h c a r b u r e t o r a i r t e m p e r a t u r e s a s 
h i g h a s 9 3 ° F . a n d r e l a t i v e h u m i d i t y of 30 
p e r c e n t . A t l o w c r u i s e p o w e r ice c a n o c c u r a t 
o u t s i d e a i r t e m p e r a t u r e s a s h i g h a s 6 2 ° F . a n d 
r e l a t i v e h u m i d i t i e s a s l ow a s 6 0 p e r c e n t . M o s t 
of t h e h e a t n e c e s s a r y t o e v a p o r a t e fuel is s u p 
p l i e d f r o m t h e a i r a s i t d r o p s in t e m p e r a t u r e . 
F u e l e v a p o r a t i o n ice c a n af fec t a i r f low b y 
b l o c k i n g t h e t h r o a t of t h e m a n i f o l d r i s e r , i t c a n 
affect t h e fue l -a i r r a t i o b y i n t e r f e r i n g w i t h t h e 
fuel flow, a n d i t c a n affect m i x t u r e d i s t r i b u t i o n 
o r q u a n t i t y of m i x t u r e flowing t o i n d i v i d u a l 
c y l i n d e r s b y u p s e t t i n g t h e fuel flow d i s t r i b u t i o n 
a t t h e fuel n o z z l e o r a i r f low d i s t r i b u t i o n in t h e 
m a n i f o l d t h r o a t . T h i s r e f r i g e r a t i o n p h e 
n o m e n o n is t h e m o s t s e r i o u s of a l l f a c t o r s 
c a u s i n g c a r b u r e t o r ice . 

8 .53 Ice Prevention. T o p r e v e n t t h e f o r m a 
t ion of ice a t t h e c a r h u r e t o r a n d a i r i n t a k e , t h e 
i n t a k e a n d c a r b u r e t o r p a s s a g e s s h o u l d b e a r 
r a n g e d , i n s o f a r a s p r a c t i c a l , so a s t o a v o i d t h e 
f o r m a t i o n of i ce . I n a d d i t i o n , a h o t - a i r s u p p l y , 
o r a n e q u i v a l e n t m e a n s , w h i c h is suff ic ient t o 
p e r m i t safe o p e r a t i o n u n d e r i c i n g c o n d i t i o n s 
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s h o u l d b e p r o v i d e d . I n t h i s r e g a r d , t h e i n t a k e 
for t h e h o t - a i r s y s t e m s h o u l d b e suf f ic ien t ly 
s h e l t e r e d t o a v o i d c l o g g i n g w i t h s n o w o r ice 
p a r t i c l e s . T h e use of a sc reen in t h e h o t - a i r 
s y s t e m is n o t r e c o m m e n d e d a n d s h o u l d o n l y 
b e c o n s i d e r e d w h e r e a h e a t r i s e of o v e r 100° F . 
is a v a i l a b l e a n d t h e s c r e e n is of a p a r t i c u l a r l y 
l a r g e m e s h . T h e s c r e e n m u s t a l so b e l o c a t e d 
a t a p o i n t w h e r e fuel s p r a y w a s h e d b a c k d u e 
to t u r b u l e n c e in t h e i n d u c t i o n s y s t e m c a n n o t 
c o n t a c t i t . 

A s e p a r a t e c o c k p i t c o n t r o l s h o u l d b e p r o v i d e d 
t o p e r m i t t h e p i lo t t o v a r y t h e a i r s u p p l y f rom 
ful l -cold a i r t o ful l -hot a i r . S u c h a c o n t r o l 
s h o u l d a lso b e p r o v i d e d t o p e r m i t o v e r r i d i n g 
a n y a u t o m a t i c l i n k a g e d e s i g n e d t o o p e r a t e t h e 
c a r b u r e t o r h e a t w i t h t h e t h r o t t l e . T h e h o t -
a i r v a l v e a n d c o n t r o l s s h o u l d b e r u g g e d l y c o n 
s t r u c t e d a n d suf f ic ien t ly s t r o n g t o w i t h s t a n d 
t h e full l o a d s w h i c h c a n b e a p p l i e d b y t h e pilot 
t o free t h e v a l v e f r o m a n ic ing c o n d i t i o n . 

8 .530 Preheat HequiremenU. T h e h o t - a i r 
s y s t e m s h o u l d b e s u c h t h a t a m i n i m u m t e m p e r 
a t u r e r i s e of 9 0 ° F . is a t t a i n a b l e w i t h sea - l eve l 
e n g i n e s a n d c o n v e n t i o n a l v e n t u n c a r b u r e t o r 
w h e n t h e o u t s i d e a i r t e m p e r a t u r e is 3 0 ° F . 
{V2(\c ¥. w i t h a l t i t u d e e n g i n e s a n d c o n v e n t i o n a l 
v e n t u r i c a r b u r e t o r ) . P r e s s u r e i n j e c t i o n - t y p e 
c a r b u r e t o r s o n sea - l eve l e n g i n e s h a v e c o n s i d e r 
a b l y less t e n d e n c y t o ice b u t a p p r o x i m a t e l y 6 0 ° 
F . h e a t r ise s h o u l d b e p r o v i d e d for d e - i c i n g a n y 
s m a l l a c c u m u l a t i o n s t h a t m a y o c c u r a n d for d e -
i c i n g t h e d u c t s , c a r b u r e t o r s c r e e n , a n d o t h e r 
p o r t i o n s of t h e s y s t e m . 

T h e a m o u n t of h e a t a v a i l a b l e s h o u l d b e d e t e r 
m i n e d b y m e a s u r i n g t h e t e m p e r a t u r e d i f fe rence 
b e t w e e n t h e o u t s i d e a i r a n d t h e a i r e n t e r i n g t h e 
c a r b u r e t o r w i t h t h e p r e h e a t c o n t r o l in t h e full-
h o t p o s i t i o n . W h e r e v e r p o s s i b l e , t h e t e m p e r a 
t u r e r i s e s h o u l d b e d e t e r m i n e d for t h e c o n d i t i o n 
of 3 0 ° F . o u t s i d e a i r w i t h t h e a i r p l a n e in a 
c r u i s i n g a t t i t u d e a t a p p r o x i m a t e l y 75 p e r c e n t 
m a x i m u m c o n t i n u o u s h o r s e p o w e r . T o a c c o m 
pl ish t h i s t h e a i r p l a n e s h o u l d b e flown in level 
flight a t m a x i m u m c r u i s i n g '-. p . n i . a n d 30° F . 
o u t s i d e a i r t e m p e r a t u r e , o: as t h e h i g h e s t p r a c 
t i c a l a l t i t u d e a t w h i c h t h e n e c e s s a i v p o w e r c a n 
b e m a i n t a i n e d w i t h ful l-cold c a r b u r e t o r a ; r so 
a s t o g e t a s close t o 3 0 ° F . a s pos s ib l e . H o l d i n g 
t h e a i r p l a n e a t t h i s a l t i t u d e a n d in level flight 
t h e i n d i c a t e d a i r s p e e d s h o u l d b e r e d u c e d 10 

p e r c e n t . U n d e r t h e s e c o n d i t i o n s t h e n t h e 
e n g i n e will b e d e l i v e r i n g a p p r o x i m a t e l y 7 5 
p e r c e n t of i t s m a x i m u m c o n t i n o u s h o r s e p o w e r , 
w h i c h is t h e c o n d i t i o n u n d e r w h i c h t h e c a r 
b u r e t o r h e a t r i s e s h o u l d b e o b t a i n e d . A f t e r 
flying t h e a i r p l a n e u n d e r t h e s e c o n d i t i o n s for a 
sufficient t i m e t o p e r m i t t e m p e r a t u r e s t o s t a 
b i l ize , r e a d i n g s of t h e o u t s i d e a i r t e m p e r a t u r e 
a n d t h e t e m p e r a t u r e of t h e a i r e n t e r i n g t h e c a r 
b u r e t o r s h o u l d be t a k e n w i t h t h e c a r b u r e t o r a i r 
h e a t e r in t h e fu l l -ho t p o s i t i o n . T h e d i f fe rence 
b e t w e e n t h e c a r b u r e t o r a i r t e m p e r a t u r e in t h e 
fu l l -ho t p o s i t i o n a n d t h e o u t s i d e a i r t e m p e r a t u r e 
is t h e t e m p e r a t u r e r i se a n d s h o u l d b e c o m p a 
r a b l e w i t h t h e v a l u e s speci f ied a b o v e . T h e c a r 
b u r e t o r a i r t e m p e r a t u r e s h o u l d b e m e a s u r e d a t 
t h e i n t a k e t o t h e c a r b u r e t o r w i t h a s t a n d a r d 
t e m p e r a t u r e b u l b . T h e i n s t r u m e n t s h o u l d b e 
l o c a t e d a t a p o i n t in t h e d u c t c r o s s - s e c t i o n 
w h i c h t r u l y m e a s u r e s t h e a v e r a g e a i r t e m p e r a 
t u r e . L o c a t i o n in a s t r a t i f i e d a r e a of e i t h e r h o t 
o r co ld a i r m u s t b e a v o i d e d . 

8.531 Carburetor Air Preheater Design. T h e 
e x h a u s t s y s t e m c o m m o n l y is u s e d a s a s o u r c e of 
h e a t for i n c r e a s i n g t h e t e m p e r a t u r e of c a r b u 
r e t o r i n d u c t i o n a i r t o p r e v e n t t h e f o r m a t i o n of 
i n d u c t i o n u c . T h e r e a r e t w o p r i n c i p a l m e t h o d s 
b y w h i c h h e a t m a y b e d e r i v e d f rom e x h a u s t 
g a s e s . T h e s e a r e iden t i f i ed a s t h e s h r o u d o r 
muff m e t h o d , a n d t h e i n t e n s i f i e r - t u b e m e t h o d . 

I n t h e s h r o u d o r m u f f - t y p e s y s t e m , t h e ex 
h a u s t g a s e s a r e c a r r i e d t h r o u g h t h e e x h a u s t 
t u b i n g , w h i c h is of n o r m a l d e s i g n , a n d t h i s co l 
l e c t o r is c o m p l e t e l y e n c l o s e d b y a s h r o u d o r 
muff. T h e muf f is s e p a r a t e d f r o m t h e c o l l e c t o r 
p r o p e r b y a n a n n u l a r s p a c e of f r o m % to 1 i n c h , 
a n d t h e c a r b u r e t o r a i r flows t h r o u g h t h e a n n u l a r 
o a s s a g e b e t w e e n t h e c o l l e c t o r a n d muff . T h e 
a r e a of t h e a n n u l a r s e c t i o n m a y b e i n c r e a s e d 
s l i g h t l y t o w a r d t h e p o i n t of d i s c h a r g e of t h e 
h e a t e d a i r t o t h e c a r b u r e t o r in o r d e r t o a l l o w for 
t h e a d d e d v o l u m e of t h e w a r m e r a i r . T h e muff 
n o r m a l l y is s u p p o r t e d f r o m t h e c o l l e c t o r i t se l f 
on s p a c e r s a n d is he ld in p l a c e b y s t r a p s , c l ips , 
o r b o l t e d flanges P r o v i s i o n s h o u l d b e m a d e fo r 
. d a t i v e m o t i o n b e t w e e n t h e muff a n d e x h a u s t 
c o l l e c t o r . T h e m u f f s s h o u l d n o t b e a r o n o r c h a f e 
a g a i n s t a n y p a r t of t h e e n g i n e o r a i r p l a n e s t r u c 
t u r e . T h e muf f s h o u l d b e c o n s t r u c t e d of h e a t -
r e s i s t a n t m a t e r i a l . A l u m i n u m is u s u a l l y n o t 
d e s i r a b l e d u e t o t h e h igh t e m p e r a t u r e s of t h e 
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e x h a u s t c o m p o n e n t s in c o n t a c t w i t h t h e muff . 
H o w e v e r , w i t h a wel l c o o l e d i n s t a l l a t i o n a l u m i 
n u m m a y p r o v e s a t i s f a c t o r y in s o m e c a s e s . 

W i t h t h e i n t e n s i f i e r - t u b e p r e h e a t s y s t e m , 
c a r b u r e t o r a i r is d r a w n t h r o u g h a t u b e w h i c h 
r u n s t h r o u g h t h e c e n t e r of t h e e x h a u s t c o l l e c t o r . 
T h i s t u b e m u s t b e c o n s t r u c t e d of h e a v y - g a g e 
s t a i n l e s s s t ee l , I n c o n e l , o r e q u i v a l e n t m a t e r i a l , 
a n d is o f t e n d i m p l e d t o p r o m o t e h e a t t r a n s f e r . 
J o i n t s a r e n o t p e r m i s s i b l e in t h e t u b e w i t h i n 
t h e c o l l e c t o r a n d p r o v i s i o n m u s t b e m a d e for a 
t i g h t s l ip j o i n t a t t h e p o i n t s w h e r e t h e t u b e 
e n t e r s a n d l e a v e s t h e c o l l e c t o r t o a s s u r e a g a i n s t 
e x h a u s t c o n t a m i n a t i o n of t h e e n g i n e i n t a k e a i r . 
R e g a r d l e s s of t h e t y p e of p r e h e a t e r e m p l o y e d , 
i t , o r t h e i n s t a l l a t i o n s h o u l d c o m p l y w i t h t h e 
fo l l owing p r o v i s i o n s : 

(a) A m e a n s s h o u l d b e p r o v i d e d t o a s s u r e 
a d e q u a t e v e n t i l a t i o n ( c o n t i n u a l flow of a i r ) 
t h r o u g h t h e p r e h e a t e r w h e n t h e e n g i n e is b e i n g 
o p e r a t e d o n ful l -cold a i r . C o n t i n u a l flow is 
n e c e s s a r y for a d e q u a t e c o o l i n g of t h e e x h a u s t 
s t a c k , muff, o r i n t ens i f i e r t u b e . T h e w a r m a i r 
d i s c h a r g e s h o u l d b e so d i s p o s e d t h a t it d o e s n o t 
i m p i n g e u p o n a n y p a r t s of t h e fuel s y s t e m w h i c h 
m a y a g g r a v a t e v a p o r l ock . 

(b) T h e p r e h e a t e r s h o u l d b e c o n s t r u c t e d in 
s u c h a m a n n e r a s t o p e r m i t i n s p e c t i o n of t h e 
e x h a u s t - c o l l e c t o r p a r t s w h i c h i t s u r r o u n d s . I n 
t h e c a s e of a n i n t e i i s i f i e r - t u b e - t y p e e x c h a n g e r , 
i t s h o u l d b e p o s s i b l e t o c o n d u c t p e r i o d i c i n s p e c 
t i o n s of t h e in t ens i f i e r t u b e a l s o . 

(c) T h e c o n s t r u c t i o n s h o u l d b e s u c h a s t o 
w i t h s t a n d t h e v i b r a t i o n , i n e r t i a , a n d o t h e r 
l o a d s t o w h i c h it m a y b e s u b j e c t e d , w i t h o u t 
f a i l u re . A d e q u a t e p r o v i s i o n s s h o u l d b e m a d e 
t o p e r m i t e x p a n s i o n of t h e v a r i o u s p a r t s w h e n 
t h e y a r e h e a t e d . 

8.6 Exhaust System 
T h e b a s i c f u n c t i o n of t h e e x h a u s t s y s t e m is 

t o s e r v e a s a s c a v e n g i n g m e a n s for r i d d i n g t h e 
a i r p l a n e of h o t - e x h a u s t g a s e s expe l l ed b y t h e 
ENGINE. T h e d i s c h a r g e of t h e s e g a a e s s h o u l d be 
s u c h t h a t u n d e r n o r m a l o p e r a t i n g c o n d i t i o n s 
b o t h in flight a n d o n t h e g r o u n d , t h e c o w l i n g , 
a i r p l a n e p a r t s , f u e l - a n d - o i l - s y s t e m l ines , c o m 
p o n e n t s , a n d d r a i n s wil l b e so l o c a t e d w i t h 
r e s p e c t t o t h e d i s c h a r g e flow a s n o t t o c o n s t i 
t u t e a fire h a z a r d . T h e d i s c h a r g e flow s h o u l d 
a l so b e s u c h t h a t u n d e r n o r m a l c o n d i t i o n s , i t 

wi l l n o t i g n i t e fuel d r i p p i n g f r o m t h e p o w e r -
p l a n t i n s t a l l a t i o n d u r i n g s t a r t i n g , n o r i g n i t e 
flammable f lu ids , s p r a y s , o r d u s t b e i n g d i s 
c h a r g e d f r o m t h e a i r p l a n e . 

Al l p o r t i o n s of t h e e x h a u s t s y s t e m s h o u l d b e 
c o n s t r u c t e d a n d m a i n t a i n e d , b y f r e q u e n t i n 
s p e c t i o n , so t h a t t h e r e wil l b e n o c r a c k s , h o l e s , 
o r o t h e r s o u r c e of l e a k a g e w h i c h wi l l p e r m i t 
h a z a r d o u s c o n c e n t r a t i o n s (1 p a r t i n 20 ,000 ) of 
c a r b o n - m o n o x i d e g a s t o e n t e r t h e p i l o t c o m 
p a r t m e n t . 

8 .60 Exhaust Manifold. 
8.600 Manifold Construction. E x h a u s t m a n i 

fo lds s h o u l d b e c o n s t r u c t e d of s u i t a b l e m a t e r i a l s 
a n d s h o u l d p r o v i d e for e x p a n s i o n . E x h a u s t 
m a n i f o l d s for e n g i n e s s h o u l d b e c o n s t r u c t e d of 
s t a i n l e s s s t ee l , n i c k e l - c h r o m i u m - s t e e l a l l o y s , o r 
t h e i r e q u i v a l e n t w h e n e v e r p o s s i b l e . E n g i n e s 
of a p p r o x i m a t e l y 300 h o r s e p o w e r o r less m a y 
u s e l o w - c a r b o n s t ee l p r o v i d e d i t is su f f i c i en t ly 
c o o l e d , a n d h a s w a l l t h i c k n e s s e s of a p p r o x i 
m a t e l y 0 .049 i n c h for i n s t a l l a t i o n s a b o v e 125 
h o r s e p o w e r a n d 0 . 0 3 5 i n c h fo r i n s t a l l a t i o n s of 
125 h o r s e p o w e r a n d u n d e r . S t a i n l e s s s t e e l o r 
I n c o n e l a r e r e c o m m e n d e d for i n s t a l l a t i o n s a b o v e 
300 h o r s e p o w e r . T h e m a n i f o l d i n g s h o u l d h a v e 
suff ic ient c r o s s - s e c t i o n a l a r e a a n d p r o v i d e fo r 
s m o o t h flow of t h e e x h a u s t g a s e s so t h a t t h e 
b a c k p r e s s u r e d o e s n o t e x c e e d t h e e n g i n e m a n u 
f a c t u r e r ' s r e c o m m e n d a t i o n s . T w o i n c h e s of 
m e r c u r y b a c k p r e s s u r e is u s u a l l y c o n s i d e r e d t o 
b e t h e m a x i m u m a l l o w a b l e b a c k p r e s s u r e a t 
m a x i m u m c o n t i n u o u s p o w e r w i t h o u t s p e c i a l 
i n v e s t i g a t i o n . 

8.601 Manifold Installation. N o m a n i f o l d i n g 
s h o u l d b e l o c a t e d i m m e d i a t e l y a d j a c e n t t o t h e 
c a r b u r e t o r o r f u e l - a n d - o i l s y s t e m p a r t s u n l e s s 
s h i e l d e d f r o m a n y p o s s i b l e l e a k a g e . I t i s i m 
p o r t a n t t h a t e x h a u s t m a n i f o l d i n g b e l o c a t e d s o 
t h a t a f a i l u r e w o u l d n o t c a u s e e x h a u s t f l a m e t o 
b e d i r e c t e d t o w a r d f u e l - a n d - o i l s y s t e m p a r t s , 
a l u m i n u m s t r u c t u r e , c o w l i n g s u p p o r t s , e t c . 
E x h a u s t m a n i f o l d i n g s h o u l d a l so n o t b e l o c a t e d 
WHERE fuel o r oil is l i ke ly t o d r i p o n t o h o t s u r 
faces a s fires m a y o b v i o u s l y r e s u l t f r o m t h i s 
s o u r c e . I n g e n e r a l , e x h a u s t m a n i f o l d i n g u n d e r 
n e a t h t h e n a c e l l e o r f u s e l a g e is c o n s i d e r e d 
u n s a t i s f a c t o r y . E x h a u s t d i s c h a r g e p o i n t s 
s h o u l d b e a t l e a s t 10 i n c h e s , l a t e r a l l y , f r o m t h e 
c e n t e r l i n e of t h e c a r b u r e t o r i n t a k e a n d s h o u l d 
p o i n t o u t w a r d . P a r t i c u l a r c a r e s h o u l d b e t a k e n 
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t o a v o i d t h e e x h a u s t c o n t a c t i n g fuel w h i c h m a y 
d r i p f r o m t h e c a r b u r e t o r i n t a k e o r d r a i n , o r 
w h i c h m a y d r i p f r o m e n g i n e l ines o r a c c e s s o r i e s . 
A t l e a s t 15 i n c h e s s h o u l d b e p r o v i d e d b e t w e e n 
e x h a u s t d i s c h a r g e p o r t s a n d a n y f a b r i c c o v e r i n g 
a n d in n o c a s e s h o u l d t h e e x h a u s t p a s s c lose 
e n o u g h t o t h e c o v e r i n g t o p r o d u c e a n a p p r e c i 
a b l e rise in t e m p e r a t u r e . H o t p a r t i c l e s of 
c a r b o n f r e q u e n t l y a r e p r o j e c t e d f r o m t h e ex 
h a u s t so i t is n e c e s s a r y t o t a k e p r e c a u t i o n t o 
p r e v e n t t h e s e p a r t i c l e s f r o m c o r n i n g i n t o c o n t a c t 
w i t h f a b r i c c o v e r i n g o n a n y p a r t of t h e a i r p l a n e . 
P a r t i c u l a r c a r e s h o u l d b e t a k e n in t h e d i s c h a r g 
i n g of t h e e x h a u s t t o p r e v e n t t h e i g n i t i o n of 
g a s o l i n e w h i c h m i g h t d r o p t o t h e g r o u n d d u r i n g 
t h e p r i m i n g a n d s t a r t i n g of a n e n g i n e . 

S o m e d u s t s , s u c h a s su l fu r d u s t , a n d s o m e 
s p r a y s i g n i t e v e r y r e a d i l y a t t e m p e r a t u r e s a s 
l o w a s 5 0 0 ° F . S i n c e t h e t e m p e r a t u r e of t h e 
e x h a u s t g a s e s a t t h e e x h a u s t o u t l e t is c o n s i d e r 
a b l y a b o v e t h i s v a l u e it is n e c e s s a r y t o p l a c e 
t h e e x h a u s t o u t l e t a s f a r a w a y f r o m t h e p a t h of 
t h e d u s t o r s p r a y d i s c h a r g e a s p o s s i b l e , within 
p r a c t i c a l l i m i t s . O b v i o u s l y , t h e e x h a u s t g a s e s 
s h o u l d n o t b e d i s c h a r g e d u n d e r o r a l o n g t h e 
b o t t o m of t h e a i r p l a n e . M o r e o v e r , t h e e x h a u s t 
d i s c h a r g e s h o u l d b e so d i r e c t e d t h a t i t will n o t 
b e b l o w n in t o t h e d u s t o r s p r a y s w a t h a t t h e 
e n d of t h e field w h e n a p u l l u p is a f fec ted . T h e 
m o s t s a t i s f a c t o r y l o c a t i o n for t h e e x h a u s t 
t h e r e f o r e is g e n e r a l l y a b o v e t h e a i r p l a n e w i n g 
( t o p w i n g in t h e c a s e of a b i p l a n e ) , w i t h t h e 
o u t l e t d i r e c t e d o u t w a r d a n d u p w a r d . 

8 .602 Manifold Clearance and Cooling Provi
sions. S u i t a b l e c l e a r a n c e s h o u l d b e p r o v i d e d 
b e t w e e n t h e e x h a u s t m a n i f o l d a n d p a r t s w h i c h 
a r e l i k e l y t o b e a d v e r s e l y a f fec ted b y h e a t , a n d 
t h e m a n i f o l d s h o u l d b e so a r r a n g e d a n d c o o l e d 
t h a t l oca l h o t p o i n t s d o n o t f o r m . P r e c a u t i o n s 
s h o u l d b e t a k e n t o i n s u r e t h a t m a n i f o l d s l y i n g 
i n s i d e of c o w l i n g s a r e suf f ic ien t ly coo l t o p r e v e n t 
e a r l y loca l f a i l u r e s f r o m exces s ive h e a t , a n d 
fires a s a r e s u l t of s t r u c t u r a l i n a d e q u a c y of t h e 
m a n i f o l d . O n r a d i a l e n g i n e s t h e m a n i f o l d 
s h o u l d b e i s o l a t e d f r o m t h e a c c e s s o r y c o m p a r t 
m e n t b y a n i n n ^ r c o w l , p r e f e r a b l y of s t a i n l e s s 
s t e e l , w i t h a d e q u a t e a i r c i r c u l a t i o n a r o u n d t h e 
e x h a u s t m a n i f o l d . O n 4 a n d 6 c y l i n d e r flat 
e n g i n e s , it is diff icult t o p r o v i d e a c o m p l e t e 
s h i e l d b e t w e e n t h e e x h a u s t m a n i f o l d a n d t h e 
e n g i n e a c c e s s o r y c o m p a r t m e n t . H o w e v e r , l oca l 

s h i e l d s c a n b e u s e d w h e r e t h e m a n i f o l d is 
p a r t i c u l a r l y c lose t o a n y p a r t s c a r r y i n g i n f l a m 
m a b l e fluids. T h e c o n f i g u r a t i o n of t h e e x h a u s t 
c a n a l so b e m a d e in s u c h a m a n n e r t h a t i t d o e s 
n o t p a s s t h r o u g h t h e r e a r of t h e e n g i n e c o m p a r t 
m e n t w h e r e m a n y s u c h c o m p o n e n t s a r e l o c a t e d . 

I t is a l so c o n s i d e r e d h i g h l y d e s i r a b l e , a t l e a s t 
o n e n g i n e s of a p p r o x i m a t e l y 3 0 0 h . p . a n d o v e r 
t o p r o v i d e a p r e s s u r e fire e x t i n g u i s h e r in t h e 
a c c e s s o r y c o m p a r t m e n t . 

8 .603 Manifold Drains. W h e r e t h e e x h a u s t 
d i s c h a r g e is a b o v e o t h e r p o r t i o n s of t h e m a n i 
fold, a d r a i n s h o u l d b e p r o v i d e d a t t h e l o w 
p o i n t s t o d r a i n a n y w a t e r o r s e d i m e n t t h a t 
m i g h t col lec t a n d t e n d t o c a u s e c o r r o s i o n . 
S u c h d r a i n s s h o u l d d i s c h a r g e o v e r b o a r d a t a 
sa fe l o c a t i o n s ince e x h a u s t g a s e s o r fuel a c c u m u 
l a t i o n s m a y s o m e t i m e s d i s c h a r g e f r o m t h e m . 

8.7 Heaters Used in Cabin-Air-Heating Sys
tems 

8.70 Exhaust-System Heat Exchangers. 
H e a t i n g s y s t e m s i n v o l v i n g t h e p a s s a g e of c a b i n 
a i r o v e r , o r in c lose p r o x i m i t y t o , t h e e n g i n e 
e x h a u s t m a n i f o l d s s h o u l d n o t b e u s e d u n l e s s 
a d e q u a t e p r e c a u t i o n s a r e i n c o r p o r a t e d in t h e 
d e s i g n t o p r e v e n t t h e i n t r o d u c t i o n of e x h a u s t 
g a s i n t o t h e c a b i n o r p i l o t ' s c o m p a r t m e n t . T h e 
p o r t i o n s of t h e h e a t i n g s y s t e m s u b j e c t e d t o 
e x h a u s t h e a t s h o u l d b e c o n s t r u c t e d of s u i t a b l e 
m a t e r i a l s , b e a d e q u a t e l y coo led , a n d r e a d i l y 
i n s p e c t a b l e . I t s h o u l d b e p o s s i b l e t o t u r n t h e 
h e a t e r c o m p l e t e l y o n o r off f r o m t h e c o c k p i t 
a n d a s u i t a b l e b y p a s s s h o u l d b e p r o v i d e d fo r 
t h e h o t a i r w h e n t h e v a l v e is in t h e off p o s i t i o n . 
R e a s o n a b l e p r e c a u t i o n s s h o u l d b e t a k e n in t h e 
d i s p o s i t i o n of t h e b y p a s s d i s c h a r g e so t h a t t h e 
p o s s i b i l i t y of c r e a t i n g v a p o r l o c k s in fuel l i n e s 
b y t h e h o t a i r wil l b e a v o i d e d . T h e a i r i n t a k e 
for t h e h e a t e r s h o u l d b e l o c a t e d o u t s i d e t h e 
c o w l i n g in a p o s i t i o n w h e r e t h e r e is n o p o s s i 
b i l i t y of c o n t a m i n a t i o n of t h e c a b i n a i r f r o m 
t h e e x h a u s t o r o t h e r s o u r c e s of c a r b o n m o n o x i d e . 

I n t e n s i f i e r t u b e s s h o u l d b e a s t a b i l i z e d s t a i n 
less s t ee l of t h e s e a m l e s s t y p e a n d s h o u l d b e 
r e a d i l y r e m o v a b l e for i n s p e c t i o n . P a r t i c u l a r 
c a r e s h o u l d b e t a k e n t o p r e v e n t j o i n t s f r o m 
l e a k i n g e x h a u s t f u m e s . 

M u f f - t y p e , c a b i n - a i r h e a t e r s s h o u l d b e c a r e 
fu l ly c o n s t r u c t e d a n d c a p a b l e of b e i n g r e a d i l y 
d i s m a n t l e d . W e l d s s h o u l d b e a v o i d e d in t h e 
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p o r t i o n of t h e m a n i f o l d e n c l o s e d b y t h e muff . 
If s u c h w e l d s a r e u s e d t h e y s h o u l d b e e a s i l y 
acces s ib l e for i n s p e c t i o n . E x p a n s i o n j o i n t s 
in t h e p o r t i o n of t h e m a n i f o l d u n d e r t h e h e a t e r 
muf f s a r e n o t c o n s i d e r e d s a t i s f a c t o r y . 

8.71 Fuel-Burning Combustion Heaters. 
A n o t h e r m e a n s of o b t a i n i n g c a b i n h e a t is t h e 
f u e l - b u r n i n g c o m b u s t i o n h e a t e r . S u c h u n i t s 
c o n t a i n i n g t h e i r o w n c o m b u s t i o n c h a m b e r s , 
h e a t e x c h a n g e r s , a n d i g n i t i o n s y s t e m s h a v e 
b e e n f o u n d s a t i s f a c t o r y a n d sa fe p r o v i d e d 
a d e q u a t e c o n s i d e r a t i o n is g i v e n t o t h e i r i n s t a l l a 
t i o n in o r d e r t o p r e c l u d e fire h a z a r d s r e s u l t i n g 
f r o m o v e r h e a t i n g . T h e f o l l o w i n g p r e c a u t i o n s 
s h o u l d b e o b s e r v e d in t h e i n s t a l l a t i o n a n d u s e 
of s u c h a h e a t e r : 

( a ) T h e c o m b u s t i o n h e a t e r s h o u l d b e of a n 
a p p r o v e d t y p e o r a t y p e w h i c h c o n f o r m s t o 
C i v i l A e r o n a u t i c s A d m i n i s t r a t i o n T e c h n i c a l 
S t a n d a r d O r d e r C-20. H e a t e r s in t h e l a t t e r 
c a t e g o r y m a y b e i d e n t i f i e d b y t h i s n u m b e r 
(TSO-C-20) a p p e a r i n g o n t h e n a m e p l a t e a t 
t a c h e d t o t h e h e a t e r . 

(b) T h e r e g i o n s u r r o u n d i n g t h e c o m b u s t i o n 
h e a t e r s h o u l d b e wel l v e n t i l a t e d a n d d r a i n e d . 
T h e h e a t e r s h o u l d b e l o c a t e d a t a p l a c e w h e r e 
t h e l i k e l i h o o d of i t s b e i n g c o n t a c t e d b y s p r a y 
i n g o r l e a k i n g i n f l a m m a b l e f lu ids , d u s t , o r 
o b j e c t s wil l b e r e m o t e . 

(c) P o r t i o n s of t h e v e n t i l a t i n g a i r d u c t s 
p a s s i n g t h r o u g h r e g i o n s in t h e a i r p l a n e w h e r e 
s y s t e m s c a r r y i n g f l a m m a b l e fluids o r d u s t a r e 
l o c a t e d s h o u l d b e s o c o n s t r u c t e d o r i s o l a t e d 
f r o m s u c h s y s t e m s a s t o p r e c l u d e t h e i n a d v e r t 
e n t i n t r o d u c t i o n of t h e s e f lu ids , v a p o r s , o r d u s t s 
i n t o t h e v e n t i l a t i n g a i r s t r e a m . I n t h i s c o n n e c 
t i o n , c o n s i d e r a t i o n s h o u l d b e g i v e n t o t h e 
l o c a t i o n of b o t h t h e v e n t i l a t i n g a i r a n d c o m 
b u s t i o n - a i r s c o o p s t o a s s u r e t h a t fluids a n d d u s t 
b e i n g d i s c h a r g e d f r o m t h e a i r p l a n e wil l n o t b e 
a b l e t o e n t e r t h e a i r s c o o p s u n d e r a n y c o n d i t i o n 
o r a t t i t u d e in w h i c h t h e a i r p l a n e m a y n o r m a l l y 
b e o p e r a t e d . 

(d) T h e c o m b u s t i o n a i r d u c t s s h o u l d b e of 
f i reproof c o n s t r u c t i o n a n d s h o u l d n o t c o m 
m u n i c a t e w i t h t h e v e n t i l a t i n g a i r s t r e a m . If i t 
is i m p r a c t i c a l t o p r o v i d e s e p a r a t e a i r d u c t s t o 
t h e r e s p e c t i v e s c o o p s , t h e c o m b u s t i o n a i r m a y 
t i e i n t o t h e v e n t i l a t i n g a i r d u c t p r o v i d i n g t h e 
v e n t i l a t i n g a i r d u c t is su f f i l cen t ly l a r g e t o p r o 
v i d e t h e r e q u i r e d a m o u n t s of a i r n e e d e d for 

b o t h v e n t i l a t i o n a n d c o m b u s t i o n . A l s o , s u c h 
i n t e r c o n n e c t i o n s h o u l d b e a t a p o i n t su f f i c i en t ly 
f a r u p s t r e a m f r o m t h e h e a t e r so t h a t i t w o u l d b e 
i m p o s s i b l e fo r flames a n d p r o d u c t s of c o m b u s 
t i o n , r e s u l t i n g f r o m b a c k f i r e s o r r e v e r s e b u r n 
i n g , t o e n t e r t h e v e n t i l a t i n g a i r s t r e a m . T h e 
c o m b u s t i o n a i r d u c t s h o u l d n o t r e s t r i c t t h e 
r a p i d rel ief of b a c k f i r e s w h i c h c o u l d c a u s e h e a t e r 
f a i l u r e s d u e t o p r e s s u r e s g e n e r a t e d w i t h i n t h e 
h e a t e r . 

(e) T h e p r o v i s i o n s a n d p r e c a u t i o n s r e c o m 
m e n d e d p r e v i o u s l y for p o w e r p l a n t - e x h a u s t s y s 
t e m s s h o u l d a l s o b e o b s e r v e d , a s a p p l i c a b l e , i n 
c o n s i d e r i n g t h e c o m b u s t i o n - h e a t e r - e x h a u s t s y s 
t e m . I n a d d i t i o n , t h e h e a t e r e x h a u s t s h o u l d b e 
s h r o u d e d if a n y s y s t e m s c o n t a i n i n g flammable 
fluids a r e l o c a t e d n e a r b y a n d t h e s h r o u d s 
s e a l e d i n s u c h a m a n n e r t h a t f l a m m a b l e f lu ids 
a n d v a p o r s c a n n o t r e a c h t h e e x h a u s t . H e r e 
a l s o , t h e e x h a u s t s y s t e m s h o u l d n o t r e s t r i c t t h e 
r a p i d rel ief of b a c k f i r e s w h i c h c o u l d c a u s e h e a t e r 
f a i l u r e . 

(f) T h e h e a t e r - f u e l s y s t e m s h o u l d c o m p l y 
w i t h al l a p p l i c a b l e p r a c t i c e s of t h e p o w e r p l a n t -
fuel s y s t e m , a s d i s c u s s e d p r e v i o u s l y h e r e i n . 
H e a t e r - f u e l s y s t e m s l e n d t h e m s e l v e s r e a d i l y t o 
g r o u p i n g a l l c o n t r o l s s u c h a s s o l e n o i d v a l v e s , 
p r e s s u r e r e g u l a t o r s , a n d f i l t e r s . C o n s e q u e n t l y , 
a s a s a f e t y p r e c a u t i o n , i t is r e c o m m e n d e d t h a t 
t h e s e c o n t r o l s b e i n s t a l l e d in a f u e l - a n d - f u m e -
p r o o f c o n t a i n e r so a s t o i s o l a t e t h e m f r o m t h e 
h e a t e r p r o p e r a n d i t s e x h a u s t . 

(g) C o m b u s t i o n h e a t e r s u s u a l l y p r o v i d e d r a i n 
c o n n e c t i o n s t o p r o v i d e for d r a i n i n g u n b u r n e d 
fuel f r o m t h e h e a t e r . T h e s e , d r a i n s s h o u l d b e 
r o u t e d o v e r b o a r d a t a p o i n t , a n d i n a m a n n e r , 
s u c h t h a t n o h a z a r d wil l ex i s t a n d t h e d r a i n e d 
fuel wi l l n o t b e a b l e t o s e e p b a c k i n t o t h e a i r 
p l a n e . D r a i n s w h i c h o p e r a t e d a t h i g h t e m p e r 
a t u r e s d u e t o t h e f a c t t h a t t h e y c a r r y e x h a u s t 
g a s e s s h o u l d b e p r o t e c t e d i n t h e s a m e m a n n e r a s 
t h e e x h a u s t . 

(h ) I n a d d i t i o n t o t h e n o r m a l c o n t r o l s f o r 
o p e r a t i n g t h e h e a t e r , s a f e t y c o n t r o l s s h o u l d b e 
i n s t a l l e d a s p r o t e c t i o n a g a i n s t o v e r h e a t i n g a n d 
u n c o n t r o l l e d b u r n i n g d u e t o in su f f i c i en t c o m 
b u s t i o n o r v e n t i l a t i n g a i r f low o r f a i l u r e of a 
c y c l i n g s w i t c h . S u c h d e v i c e s s h o u l d b e i n d e 
p e n d e n t of t h e n o r m a l c o n t r o l s a n d s h o u l d 
s e r v e t o a u t o m a t i c a l l y s h u t off fue l a n d i g n i t i o n 
t o t h e h e a t e r i n t h e e v e n t a n u n s a f e c o n d i t i o n 
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a r i s e s . I n t h i s c o n n e c t i o n , o v e r h e a t s w i t c h e s 
s h o u l d n o t b e l o c a t e d t o o fa r d o w n s t r e a m of 
t h e h e a t e r a n d s h o u l d b e in a p o s i t i o n w h e r e 
r a d i a t i o n f r o m t h e h e a t e r c a n r e a c h t h e s w i t c h 
(i . e. , s h o u l d n o t b e l o c a t e d b e y o n d a n y b e n d 
i n t h e d u c t ) . T h i s wil l a s s u r e t h a t h e a t t r a n s 
m i s s i o n t o t h e s w i t c h , e v e n in t h e e v e n t of 
c o m p l e t e s t o p p a g e of flow in t h e v e n t i l a t i n g a i r 
d u c t , wil l s t i l l t a k e p l a c e b y r a d i a t i o n . If 
r a d i a n t h e a t c a n n o t r e a c h t h e s w i t c h i t m a y t a k e 
e x c e s s i v e t i m e for t h e o v e r h e a t s w i t c h t o s e n s e 
a n o v e r h e a t c o n d i t i o n a n d s e r i o u s d a m a g e 
m a y t a k e p l a c e in t h e m e a n t i m e . 

8.8 Firewall and Cowling 
8.80 Firewalls. A s u i t a b l e f i rewal l s h o u l d b e 

p r o v i d e d b e h i n d t h e e n g i n e - a c c e s s o r y c o m p a r t 
m e n t s o a s t o i s o l a t e t h e p o w e r p l a n t f r o m t h e 
r e m a i n d e r of t h e a i r p l a n e . F i r e w a l l m a t e r i a l s 
c o n s i d e r e d s a t i s f a c t o r y w i t h o u t b e i n g s u b j e c t e d 
t o s u b s t a n t i a t i n g fire t e s t s a r e : 

(a ) S t a i n l e s s s t ee l s h e e t . 0 . 015 i n c h t h i c k . 
( b ) M i l d - s t e e l s h e e t c o a t e d w i t h a l u m i n u m 

o r o t h e r w i s e p r o t e c t e d a g a i n s t c o r r o s i o n , 0 .018 
i n c h t h i c k . 

(c) T e r n e p l a t e , 0 .018 i n c h t h i c k . 
(d ) M o n e l - m e t a l s h e e t , 0 . 0 1 8 i n c h t h i c k . 
(e) N i c k e l - c h r o m i u m - i r o n a l l o y ( I n c o n e l ) 

s h e e t , 0 . 0 1 5 i n c h t h i c k . 
S i n c e t h e f i rewal l i s i n t e n d e d t o i s o l a t e t h e 

e n g i n e f r o m t h e a i r p l a n e a n d t o p r o v i d e a 
f i reproof b a r r i e r , it fo l lows t h a t i t s h o u l d b e 
s u i t a b l y s t i f f ened t o r e s i s t , w i t h o u t u n d u e 
de f l ec t i on o r b u c k l i n g , t h e l o a d s i m p o s e d b y t h e 
o p e r a t i o n a n d w e i g h t of c o n t r o l s a n d a c c e s 
s o r i e s a t t a c h e d t h e r e t o . M o r e o v e r , i t s h o u l d 
c o n t a i n o n l y t h e o p e n i n g s n e c e s s a r y t o p e r m i t 
r e q u i r e d c o n t r o l s , fuel , i g n i t i o n , a n d s p r a y 
l i n e s t o p a s s t h r o u g h i t , a n d t h e s e o p e n i n g s 
s h o u l d b e fitted w i t h c lo se - f i t t i ng g r o m m e t s o r 
b u s h i n g s t o r e s i s t t h e p a s s a g e of flame. R u b b e r 
g r o m m e t s a r e c o n s i d e r e d s u i t a b l e o n l y f o r t h e 
s m a l l e s t o p e n i n g s b u t fireproof g r o m m e t s a r e 
d e s i r a b l e a n d a r e n e c e s s a r y for l a r g e o p e n i n g s . 
S t e e l b u l k h e a d (f irewall i fittings a r e r e c o m 
m e n d e d . O t h e r f i t t i n g s s u c h a s b o l t s , s c r e w s , 
a n d r i v e t s u s e d a s p a r t of t h e firewall s t r u c t u r e 
o r fo r a c c e s s o r y a t t a c h i n g p u r p o s e s s h o u l d a l s o 
b e of f i r eproof m a t e r i a l . 

8.81 Cowling. T h e c o w l i n g s h o u l d h a v e 
s u i t a b l e p r o v i s i o n s for d r a i n a g e in flight a n d o n 

t h e g r o u n d . T h e d r a i n s s h o u l d b e l o c a t e d so 
a s t o p r e v e n t fuel o r oil f r o m d r i p p i n g u p o n 
h o t p a r t s of t h e e n g i n e , e x h a u s t , o r c o m i n g in 
c o n t a c t w i t h t h e e x h a u s t d i s c h a r g e . T h e s e 
d r a i n s s h o u l d a l s o b e l o c a t e d s o a s n o t t o d i s 
c h a r g e u p o n a i r p l a n e p a r t s in s u c h m a n n e r a s t o 
c o n s t i t u t e a h a z a r d . I n m o s t c a s e s , s m a l l 
h o l e s in t h e l o w e r s e c t i o n s of t h e c o w l i n g a r e 
suff ic ient . S t i f f ene r ribs a n d o t h e r s t r u c t u r a l 
m e m b e r s of t h e c o w l i n g s h o u l d b e d e s i g n e d 
a n d i n s t a l l e d in s u c h a m a n n e r a s t o p r e c l u d e 
t h e p o s s i b i l i t y of f l u id s d a m m i n g u p i n s m a l l 
p o o l s . 

8. 810 Cowl Arrangement. T h e a r r a n g e 
m e n t of t h e c o w l i n g s h o u l d p e r m i t a l l n e c e s s a r y 
i n s p e c t i o n s w h i c h m a y b e r e q u i r e d t o m a i n t a i n 
t h e a i r w o r t h i n e s s of t h e p o w e r p l a n t i n s t a l l a t i o n . 
M o r e o v e r , t h e r e m o v a l of c o w l i n g for t h e s e 
i n s p e c t i o n s s h o u l d n o t r e q u i r e t h e u s e of s p e c i a l 
t oo l s w h i c h m a y d i s c o u r a g e c o n s c i e n t i o u s 
c o m p l i a n c e w i t h r o u t i n e i n s p e c t i o n p r o c e d u r e s . 
I n s p e c t i o n d o o r s o r e a s i l y r e m o v a b l e c o w l i n g 
s e c t i o n s s h o u l d b e p r o v i d e d t o p e r m i t f r e q u e n t 
o b s e r v a t i o n a n d e a s y r e m o v a l of a c c u m u l a t i o n s 
of fo re ign m a t e r i a l , fuel , a n d oi l . 

8 . 8 1 1 Cowl Construction. C o w l i n g a r o u n d 
t h e ' p o w e r p l a n t a n d o n t h e e n g i n e s ide of t h e 
firewall s h o u l d b e m a d e of m e t a l o r o t h e r fire-
r e s i s t a n t m a t e r i a l s . P o r t i o n s s h i e l d i n g t h e 
e x h a u s t s y s t e m s h o u l d b e m a d e of a fireproof 
m a t e r i a l s u c h a s l i s t ed for u s e a s firewalls. 
T h e c o w l i n g s h o u l d fit t i g h t l y t o t h e firewall 
u n l e s s t h e a i r p l a n e s u r f a c e ( t h a t s u r f a c e b e h i n d 
t h e firewall) w i t h i n 24 i n c h e s of a n y o p e n i n g 
in t h e c o w l i n g is s u i t a b l y p r o t e c t e d w i t h a l u 
m i n u m o r m o r e fire-resistant m a t e r i a l . 

T h e s t r e n g t h , r i g i d i t y , a n d a t t a c h m e n t of 
t h e c o w l i n g s h o u l d b e suff icient t o r e s i s t e n g i n e 
v i b r a t i o n a n d t h e l o a d i n g s p r o d u c e d b y c r i t i c a l 
flight c o n d i t i o n s . T h e s t r e n g t h c o n s i d e r a t i o n 
of t h e e n g i n e n o s e r i n g , c o w l s k i r t s a n d p a n e l s , 
cowl flaps, a n d c o w l s u p p o r t i n g s t r u c t u r e 
s h o u l d b e ca r e fu l l y i n v e s t i g a t e d , p a r t i c u l a r l y 
in t h e l a r g e r h i g h e r - p o w e r e d a i r p l a n e s . S i n c e 
t h e a e r o d y n a m i c l o a d o n e n g i n e c o w l i n g is 
u s u a l l y f o r w a r d , t h e a t t a c h m e n t s o n t h e 
c o w l i n g s h o u l d b e a r r a n g e d t o res i s t t h i s l o a d . 
I n l i eu of a s t r e s s a n a l y s i s t o d e t e r m i n e w h e t h e r 
a m p l e s t r e n g t h is p r o v i d e d , c o m p a r i s o n s w i t h 
o t h e r s i m i l a r c o w l i n g s m a y s e r v e a s a g u i d e a s 
to t h e a i r w o r t h i n e s s of t h e c o w l i n g u n d e r c o n -
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s i d e r a t i o n . T h e final c r i t e r i o n , h o w e v e r , is 
a flight t e s t in w h i c h t h e a i r p l a n e s h o u l d b e 
s u b j e c t e d t o h i g h - s p e e d - f l i g h t m a n e u v e r s w i t h 
o u t fa i lu re o r d i s t o r t i o n of a n y p o r t i o n . 

8.9 Powerplant Controls, Accessories and In
struments 

8. 90 Powerplant Controls. P o w e r p l a n t c o n 
t r o l s a r e l i n k a g e s o r m e c h a n i s m s b y w h i c h t h e 
p o w e r p l a n t a n d i t s c o m p o n e n t s a r e o p e r a t e d 
a n d r e g u l a t e d . S u c h r e g u l a t i o n o r c o n t r o l is 
u s u a l l y f r o m t h e p i l o t ' s c o m p a r t m e n t , w i t h 
d u p l i c a t e c o n t r o l s b e i n g p r o v i d e d , a s t h e n e c e s 
s i t y d e m a n d s , for v a r i o u s c r e w m e m b e r s . 
C o n t r o l s in al l c a se s c o n s i s t of t h e f o l l o w i n g 
t h r e e e l e m e n t s : 

(a) A h a n d l e , l e v e r , r o d , c a b l e , o r s w i t c h t o 
be o p e r a t e d b y t h e p i l o t . 

(b) A s u i t a b l e m e a n s of c o n n e c t i o n , s u c h a s 
r o d s , c a b l e s , f lexible w i r e in c o n d u i t , h y d r a u l i c 
o r p n e u m a t i c l i nes , o r e l ec t r i c w i r e s . T h e s e 
m a y b e s u p p l e m e n t e d b y bell c r a n k s , l e v e r s , 
f a i r l e a d s , h y d r a u l i c p u m p s , S e l s y n o r A u t o s y n 
t r a n s m i t t e r s a n d m o t o r s , v a l v e s , b o o s t e r s , 
r e l a y s , e t c . 

(c) A n a c t u a t i n g p a r t o r m e c h a n i s m w h i c h 
o p e r a t e s t h e u n i t t o b e c o n t r o l l e d . T h i s 
e l e m e n t m a y b e a r o d e n d , c a b l e e n d , l e v e r , 
g e a r i n g , h y d r a u l i c p u m p o r m o t o r , e l ec t r i c 
s o l e n o i d , m o t o r , o r S e l s y n o r A u t o s y n m o t o r . 

T h e c h o i c e of t h e m e a n s of c o n t r o l d e p e n d s 
o n t h e i m p o r t a n c e of t h e c o n t r o l t o c o n t i n u e d 
e n g i n e o p e r a t i o n , w h e a t h e r p o s i t i v e p o s i t i o n i n g 
is r e q u i r e d , t h e d i s t a n c e t o t h e p a r t t o b e c o n 
t ro l l ed , a c c e s s i b i l i t y fo r c o n t r o l e l e m e n t s , a n d 
t h e forces r e q u i r e d . 

R o d s (or t u b i n g ) a n d c a b l e s u s u a l l y a r e 
f a v o r e d for s u c h c r i t i c a l a p p l i c a t i o n s a s t h r o t t l e , 
m i x t u r e , a n d p r o p e l l e r c o n t r o l s . S u c h e l e m e n t s 
l e n d t h e m s e l v e s t o p o s i t i v e p o s i t i o n i n g w i t h 
l i t t l e c h a n c e of m a l f u n c t i o n i n g . Of t h e s e , r o d s 
o r t u b e s m a y b e f a v o r e d s ince t h e y a r e c a p a b l e 
of t r a n s m i t t i n g p u s h , p u l l , a n d t o r q u e . O n t h e 
o t h e r h a n d , c a b l e c o n t r o l s offer c o n v e n i e n c e for 
l o n g - d i s t a n c e c o n t r o l o r w h e r e m a n y b e n d s a r e 
r e q u i r e d t o r e a c h t h e p a r t t o b e c o n t r o l l e d . 
C o n t r o l l i n k a g e s of t h e s e t y p e s m a y r e q u i r e 
s u p p o r t s a t i n t e r v a l s t h r o u g h o u t t h e i r l e n g t h t o 
p r e v e n t t h e m f r o m v i b r a t i n g . 

F l e x i b l e - w i r e - i n - c o n d u i t t y p e of c o n t r o l s a r e 
u s e d for m a n y c o n t r o l s , p a r t i c u l a r l y o n s m a l l 

i n s t a l l a t i o n s . T h e s e c o n t r o l s a r e r e l a t i v e l y 
e a s y t o i n s t a l l d u e t o t h e i r a b i l i t y t o m a k e 
m o d e r a t e b e n d s w i t h o u t t h e u s e of be l l c r a n k s 
o r p u l l e y s . S h a r p b e n d s s h o u l d b e a v o i d e d 
s ince t h e y i n c r e a s e o p e r a t i n g l o a d s a n d a c c e l 
e r a t e w e a r . S u c h c o n t r o l s s h o u l d b e c a r e f u l l y 
s u p p o r t e d a t c lose i n t e r v a l s t o p r e v e n t d i s t o r 
t i o n u n d e r l o a d . T h e a d e q u a t e s u p p o r t of 
b e n d s is p a r t i c u l a r l y i m p o r t a n t . 

8 .900 Installation of Powerplant Controls. 
All c o n t r o l s s h o u l d b e r e a d i l y a c c e s s i b l e t o t h e 
p i l o t , a n d s h o u l d b e p l a i n l y m a r k e d a s t o 
i d e n t i t y a n d d i r e c t i o n of o p e r a t i o n . Al l c o c k 
p i t c o n t r o l s c o n n e c t e d t o t h e e n g i n e s h o u l d g i v e 
full t r a v e l of t h e c o n t r o l a t t h e e n g i n e , a n d a n y 
n o r m a l m o v e m e n t of t h e e n g i n e a s i n s t a l l e d i n 
t h e a i r p l a n e s h o u l d not, c a u s e a c h a n g e in c o n 
t ro l s e t t i n g suff ic ient t o affect s e r i o u s l y i t s 
o p e r a t i o n . M o r e o v e r , t h e c o n t r o l s s h o u l d b e 
p r o v i d e d w i t h a d e q u a t e m e a n s t o a s s u r e t h a t 
t h e y wi l l b e p o s i t i v e l y h e l d in t h e i r flight 
s e t t i n g s w i t h o u t s l i p p i n g o u t of p o s i t i o n . T h e 
e n g i n e c o n t r o l l i n k a g e s s h o u l d b e d e s i g n e d so 
a s t o r e s i s t v i b r a t i o n a n d p l a c e n o b e n d i n g o n 
t h r e a d e d s e c t i o n s . B o l t s a n d n u t s s h o u l d b e 
u s e d even in s h e a r c o n n e c t i o n s r a t h e r t h a n 
c l e v i s p i n s a n d c o t t e r s , s i n c e c o t t e r p i n s a c t i n g 
a s a so le m e a n s of s e c u r i n g c o n t r o l s a r e c o n 
s i d e r e d p o o r p r a c t i c e . B o l t s in t h e s y s t e m 
s h o u l d p r e f e r a b l y n o t b e u s e d in a' c a n t i l e v e r 
m a n n e r b u t s h o u l d b e s y m e t r i c a l l y l o a d e d . 
C a b l e c o n t r o l s s h o u l d b e p r o v i d e d w i t h s u i t a b l e 
s u p p o r t for all p u l l e y s a n d f a i r l e a d s , a n d s h o u l d 
b e a r r a n g e d so t h a t t h e y will o p e r a t e w i t h a 
m i n i m u m of b a c k l a s h a n d f r i c t i o n i n t h e s y s t e m . 
C a r b u r e t o r - a i r - i n t a k e c o n t r o l s a n d c o n t r o l s f o r 
a i r s h u t t e r s in t h e c o o l i n g a n d oil s y s t e m s s h o u l d 
b e suf f i c ien t ly s t r o n g t o p e r m i t t h e i r o p e r a t i o n 
u n d e r i c i n g c o n d i t i o n s . 

8 .901 Throttle Controls. T h r o t t l e c o n t r o l s 
s h o u l d afford a p o s i t i v e a n d i m m e d i a t e l y 
r e s p o n s i v e m e a n s for c o n t r o l l i n g t h e e n g i n e . 
A f o r w a r d m o v e m e n t s h o u l d o p e n t h e t h r o t t l e . 
T h e c o n t r o l s h o u l d b e c o n s t r u c t e d of s u i t a b l e 
m a t e r i a l a n d b e c a p a b l e of w i t h s t a n d i n g v i b r a 
t i o n a n d t h e l o a d s w h i c h m a y b e i m p o s e d b y t h e 
p i l o t , a n d s h o u l d p r o v i d e a f r i c t i o n l o c k , o r 
e q u i v a l e n t , t o k e e p i t f r o m c r e e p i n g in f l igh t . 
F l e x i b l e - t y p e , t h r o t t l e - c o n t r o l u n i t s , if u s e d , 
s h o u l d b e of a n a p p r o v e d t y p e . R e g a r d l e s s of 
t h e t y p e t h r o t t l e c o n t r o l u s e d , i t is d e s i r a b l e 
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t h a t t h e s y s t e m b e a r r a n g e d w i t h a s p r i n g a t 
t h e c a r b u r e t o r so t h a t a n y b r e a k a g e in t h e 
s y s t e m wil l c a u s e t h e t h r o t t l e v a l v e t o g o t o a n 
o p e n p o s i t i o n c o r r e s p o n d i n g t o c r u i s i n g p o w e r . 

8 .902 Mixture Controls-. T h e m i x t u r e c o n 
t r o l s h o u l d r e q u i r e f o r w a r d m o v e m e n t fo r " r i c h " 
m i x t u r e . T h e c o n t r o l h a n d l e s h o u l d n o t b e 
l o c a t e d c l o s e t o a n y o t h e r f r e q u e n t l y o p e r a t e d 
c o n t r o l ( s u c h a s p r e h e a t , etc. ') of s i m i l a r a p 
p e a r a n c e s i n c e a p i lo t m a y i n a d v e r t e n t l y p l a c e 
t h e m i x t u r e in t h e l e a n p o s i t i o n w h e n c a r e l e s s l y 
i n t e n d i n g t o o p e r a t e t h e o t h e r c o n t r o l . 

8 . 903 Propeller Control*. T h e p r o p e l l e r -
p i t c h c o n t r o l s h o u l d h a v e e q u i v a l e n t a i r w o r t h i 
n e s s t o t h e t h r o t t l e c o n t r o l . A f o r w a r d m o v e 
m e n t s h o u l d i n c r e a s e t h e r . p . m . T h e c o n t r o l 
s h o u l d b e c o n v e n i e n t l y l o c a t e d a s c lose t o t h e 
t h r o t t l e a s p o s s i b l e . T h e p i t c h c o n t r o l s h o u l d 
r e m a i n in a n y se t p o s i t i o n a n d . if it is of t h e 
c o n s t a n t - r . p . m . - c o n t r o l l e d t y p e , it is r e c o m 
m e n d e d t h a t it b e g i v e n a p p r o x i m a t e l y t h e s a m e 
m o v e m e n t r a n g e a s t h e t h r o t t l e . T h e p o s i t i v e 
s t o p s fo r c o n t r o l l a b l e p r o p e l l e r s s h o u l d b e 
l o c a t e d in t h e p r o p e l l e r i tself a n d n o t g o v e r n e d 
b y a p o s i t i v e s t o p o n t h e p r o p e l l e r p i t c h c o n t r o l 
in t h e c o c k p i t . 

8 .904 Fuel-System Control*. T h e f u e l - s y s 
t e m c o n t r o l s s h o u l d b e m a r k e d in a c o n v e n t i o n a l 
f a s h i o n a n d w h e n s p e c i a l fuels o r s e q u e n c e s of 
fuel t a n k use a r e n e c e s s a r y t h e m a r k i n g s s h o u l d 
i n c l u d e t h e s e i n s t r u c t i o n s . F o r i n s t a n c e , w h e n 
fuel of t w o g r a d e s o r o c t a n e n u m b e r s is p r o v i d e d , 
t h e fuel c o n t r o l i n s t r u c t i o n s s h o u l d l is t w h i c h 
fuel i s t o b e u s e d u n d e r e a c h flight c o n d i t i o n . 
T h e f u e l - s y s t e m m a r k i n g s h o u l d a l so s p e c i f y t h e 
t a n k o r t a n k s t o b e u s e d fo r takeoff , w h e n 
s p e c i a l o p e r a t i n g i n s t r u c t i o n s a r e n e c e s s a r y . 
V a l v e s of t h e t y p e w h i c h h a v e t h e i r " o n " p o s i 
t i o n w i t h t h e h a n d l e in l ine w i t h t h e f i t t i n g o r 
l i n e s c a n b e m a r k e d b y p r o v i d i n g a p l a t e o r 
p a i n t i n g " o n " a n d "off" p o s i t i o n s o n a d j a c e n t 
s u r f a c e s . F u e l - s y s t e m c o n t r o l s s h o u l d p r e f e r 
a b l y b e a r r a n g e d w i t h t h e h a n d l e d o w n w h e n 
t h e v a l v e is " o n " so t h a t g r a v i t y wi l l t e n d t o 
k e e p t h e v a l v e o n . I n s i n g l e - t a n k a i r p l a n e s it 
is r e c o m m e n d e d t h a t t h e fuel shu to f f c o n t r o l b e 
l i g h t l y s a f e t i e d " o n " so it wi l l o n l y b e u s e d in 
a n e m e r g e n c y . If t h e c o n t r o l is n o t s a f e t i e d . 
c a r e s h o u l d b e t a k e n n o t t o l o c a t e it c lose t o a n y 
o t h e r f r e q u e n t l y o p e r a t e d c o n t r o l of s i m i l a r 
a p p e a r a n c e s i n c e t h i s m a y r e s u l t i n c a r e l e s s 

c l o s i n g of t h e fuel v a l v e w h i l e i n t e n d i n g t o 
o p e r a t e t h e o t h e r c o n t r o l . 

S p e c i a l c a r e s h o u l d b e t a k e n t o a r r a n g e t h e 
fuel v a l v e c o n t r o l so t h a t t h e fuel v a l v e c a n n o t 
i n a d v e r t e n t l y b e k n o c k e d o v e r t o t h e "off" 
p o s i t i o n , b y t h e p i l o t . T h e "off" p o s i t i o n 
s h o u l d b e o b v i o u s t o t h e p i lo t a n d w i t h i n h i s 
d i r e c t v i e w . 

8 .905 Preheat Controls. T h e c a r b u r e t o r -
h e a t c o n t r o l s h o u l d p r e f e r a b l y b e i n a l o c a t i o n 
a p a r t f r o m o t h e r e n g i n e c o n t r o l s , s u c h a s m i x 
t u r e a n d fuel shu to f f v a l v e s , so a s t o p r e c l u d e 
i n a d v e r t e n t o p e r a t i o n d u e t o c o n f u s i o n r e s u l t i n g 
f r o m close p r o x i m i t y a n d s i m i l a r a p p e a r a n c e . 

8 .906. Ignition Snatches. I t s h o u l d b e p o s 
s ib le t o s h u t off al l i g n i t i o n w i t h o n e h a n d 
w i t h o u t r e q u i r i n g t h e p i lo t t o d i v e r t h i s a t t e n 
t i o n f r o m c o n t r o l l i n g t h e a i r p l a n e , a n d t h e 
s w i t c h e s s h o u l d b e so l o c a t e d w i t h r e s p e c t t o 
o t h e r c o n t r o l s o r s t r u c t u r e t h a t t h e p o s s i b i l i t y 
of t h e i r i n a d v e r t e n t o p e r a t i o n w h e n t h e p i lo t 
w e a r s a h e a v y g l o v e , will b e r e m o t e . T h e 
p r a c t i c e s o m e t i m e s a d o p t e d of p r o v i d i n g t w o 
s e p a r a t e s w i t c h e s in s i n g l e - e n g i n e i n s t a l l a t i o n s 
e q u i p p e d for d u a l i g n i t i o n is n o t w i t h o u t h a z a r d 
t o g r o u n d p e r s o n n e l w h e n s t a r t i n g t h e e n g i n e 
d u e t o t h e fact t h a t o n e s w i t c h m a y i n a d v e r 
t e n t l y b e left in t h e " o n " p o s i t i o n . S u c h 
s w i t c h i n s t a l l a t i o n s s h o u l d b e l o c a t e d in ful l 
v i e w of t h e p i lo t t o a v o i d p o s s i b l e h a z a r d s . A 
s ing l e , d u a l - i g n i t i o n s w i t c h is p r e f e r r e d . 

P a r t i c u l a r c a r e s h o u l d b e t a k e n in t h e g r o u n d 
i n g of m a g n e t o s w i t c h e s t o i n s u r e a g o o d g r o u n d 
c o n t a c t . O t h e r w i s e o p e r a t i n g p e r s o n n e l m a y 
b e e x p o s e d t o a d a n g e r o u s h a z a r d f r o m t h i s 
s o u r c e w h e n s t a r t i n g t h e e n g i n e . T h e s w i t c h e s 
s h o u l d p r e f e r a b l y b e g r o u n d e d t o t h e e n g i n e . 
W h e n s w i t c h e s a r e g r o u n d e d t o t h e e n g i n e 
m o u n t , c a r e s h o u l d b e t a k e n t o i n s u r e t h a t al l 
p a i n t is r e m o v e d a n d a c l e a n , m e t a l - t o - m e t a l 
c o n t a c t is m a d e a t t h e g r o u n d c o n n e c t i o n t o 
t h e s t r u c t u r e . I n a d d i t i o n , w h e r e t h e e n g i n e 
is m o u n t e d on r u b b e r o r o t h e r i n s u l a t i n g , s h o c k -
a b s o r b i n g m a t e r i a l , t h e e n g i n e s h o u l d b e b o n d e d 
to t h e e n g i n e m o u n t . 

8 .91 Powerplant Accessories. A c c e s s o r i e s in 
g e n e r a l fall i n t o t h r e e c a t e g o r i e s , a s f o l l o w s : 

(a ) E n g i n e a c c e s s o r i e s w h i c h a p p l y d i r e c t l y 
t o t h e o p e r a t i o n a n d c o n t r o l of e n g i n e s a n d 
p r o p e l l e r s s u c h a s p r o p e l l e r g o v e r n o r s , fuel 
p u m p s , a n d s t a r t e r s . 
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(b ) A i r c r a f t s y s t e m a c c e s s o r i e s w h i c h p r o v i d e 
s o u r c e s of p o w e r for o p e r a t i o n of a i r c r a f t s y s 
t e m s s u c h a s g e n e r a t o r s , a i r p u m p s , h y d r a u l i c 
p u m p s o r s p r a y p u m p s . 

(c) I n s t r u m e n t a t i o n s u c h a s e l e c t r i c t h e r 
m o m e t e r s , t a c h o m e t e r t r a n s m i t t e r s , a n d p r e s 
s u r e - m e a s u r e m e n t i n s t r u m e n t s . 

8 .910 Accessory Suitability. A i r c r a f t e n 
g i n e s u s u a l l y a r e f u r n i s h e d w i t h p a d s a n d d r i v e s 
for a c c e s s o r i e s in a c c o r d a n c e w i t h s t a n d a r d i z e d 
d e s i g n s . T h e a c c e s s o r i e s , h o w e v e r , a r e n o t 
n o r m a l l y p r o v i d e d a s s t a n d a r d e q u i p m e n t . 
T h e c h o i c e of a s u i t a b l e a c c e s s o r y d e p e n d s u p o n 
t h e r e q u i r e m e n t s of t h e e n g i n e a n d a i r p l a n e 
s y s t e m s , a n d t h e u n i t s h o u l d , t h e r e f o r e , b e 
s e l e c t e d t o p e r f o r m a de f in i t e f u n c t i o n in t h e 
a i r p l a n e . T h e fo l l owing f a c t o r s h a v e a d i r e c t 
i n f l u e n c e o n t h e c h o i c e of t h e e n g i n e - m o u n t e d -
a c c e s s o r y u n i t : 

( a ) T h e s u i t a b i l i t y of t h e a c c e s s o r y t o t h e 
m o u n t i n g a n d d r i v i n g p r o v i s i o n s a v a i l a b l e o n 
t h e e n g i n e . S i n c e t h e p a d a n d d r i v e a r e d e 
s i g n e d w i t h specif ic d r i v i n g - t o r q u e a n d m o u n t 
i n g - s t r e n g t h l i m i t a t i o n s , it fo l lows t h a t t h e 
a c c e s s o r y s e l e c t e d s h o u l d fall w i t h i n t h e d r i v i n g -
t o r q u e a n d o v e r h a n g i n g - m o m e n t l i m i t a t i o n s of 
t h e e n g i n e . T h e s e l i m i t s c a n b e a s c e r t a i n e d 
f r o m t h e C i v i l A e r o n a u t i c s A d m i n i s t r a t i o n o r 
t h e e n g i n e m a n u f a c t u r e r . I n m a n y c a s e s t h e 
i n f o r m a t i o n is l i s t e d o n C i v i l A e r o n a u t i c s A d 
m i n i s t r a t i o n e n g i n e s p e c i f i c a t i o n s o r in t h e 
m a n u f a c t u r e r s h a n d b o o k s . 

(b ) T h e a b i l i t y of t h e a c c e s s o r y t o m e e t t h e 
d e m a n d s i m p o s e d b y t h e a i r c r a f t s y s t e m r e 
q u i r e m e n t s . I n t h i s r e g a r d , c e r t a i n o p e r a t i n g 
r e q u i r e m e n t s s h o u l d b e c o n s i d e r e d , s u c h a s : 

(1) E n d u r a n c e a n d r e l i a b i l i t y of t h e a c c e s 
s o r y . 

(2) R e a c t i o n s of t h e a c c e s s o r y t o t h e 
o p e r a t i o n s t h r o u g h o u t t h e a t m o s p h e r i c c o n d i 
t i o n s a n d t e m p e r a t u r e r a n g e s t o w h i c h t h e a i r 
c r a f t m a y b e s u b j e c t e d . 

(3) S u i t a b i l i t y of t h e a c c e s s o r y t o t h e t y p e 
of o p e r a t i o n for w h i c h t h e a i r c r a f t is i n t e n d e d . 

(4) P e r f o r m a n c e of t h e a c c e s s o r y u n d e r 
e m e r g e n c y c o n d i t i o n s . 

(5) R u g g e d n e s s of t h e a c c e s s o r y w i t h 
r e s p e c t t o p o s s i b l e m i s h a n d l i n g o r i m p r o p e r 
o p e r a t i o n b y p e r s o n n e l . 

8 .911 Electrical Equipment in Accessory 
Compartment. E l e c t r i c a l e q u i p m e n t l o c a t e d i n 

t h e a c c e s s o r y c o m p a r t m e n t s h o u l d h a v e a l l 
c o n t a c t p o i n t s o r p a r t s l i a b l e t o s p a r k i n g i s o l a t e d 
f r o m t h e a c c e s s o r y - c o m p a r t m e n t a t m o s p h e r e 
b y m e a n s of f u m e t i g h t c o v e r s , o r a n e q u i v a l e n t 
m e a n s of p r o t e c t i o n , s i n c e t h e p r e s e n c e of a n 
e x p l o s i v e m i x t u r e is a d e f i n i t e p o s s i b i l i t y i n t h e 
a c c e s s o r y c o m p a r t m e n t . E l e c t r i c a l w i r i n g a n d 
e q u i p m e n t s h o u l d b e so l o c a t e d o r o t h e r w i s e 
p r o t e c t e d t h a t t h e p o s s i b i l i t y of t h e i r b e i n g 
d a m a g e d a s a r e s u l t of l e a k a g e f r o m fuel , o i l , o r 
h y d r a u l i c fluid l i n e s is r e m o t e . 

8 .92 Powerplant Instruments. T h e f o l l o w i n g 
i n s t r u m e n t s s h o u l d b e p r o v i d e d for e a c h e n g i n e 
o r t a n k : 

(a) F u e l - q u a n t i t y i n d i c a t o r . 
(b ) O i l - p r e s s u r e i n d i c a t o r . 
(c) O i l - t e m p e r a t u r e i n d i c a t o r . 
(d ) T a c h o m e t e r . 
(e) O i l - q u a n t i t y i n d i c a t o r . 
(f) F u e l - p r e s s u r e i n d i c a t o r (if p u m p - f e d e n 

g i n e s u s e d ) . 
(g) M a n i f o l d - p r e s s u r e i n d i c a t o r (if a l t i t u d e 

e n g i n e s u s e d ) . 
T h o s e p o w e r p l a n t i n s t r u m e n t s w h i c h a r e 

e s s e n t i a l t o s a f e t y i n flight s u c h a s t h e t a c h o m 
e t e r a n d m a n i f o l d p r e s s u r e g a g e , s h o u l d b e s o 
i n s t a l l e d as t o b e e a s i l y v i s i b l e t o t h e p i l o t w i t h 
a m i n i m u m p r a c t i c a l d e v i a t i o n f r o m h i s n o r m a l 
p o s i t i o n a n d l i n e of v i s i o n w h e n h e is l o o k i n g 
o u t a n d f o r w a r d a l o n g t h e f l i gh t p a t h . O t h e r 
p o w e r p l a n t i n s t r u m e n t s s h o u l d b e m o u n t e d so 
a s t o b e v i s i b l e t o t h e p i l o t in f l ight b u t m a y , 
b e c a u s e of t h e i r f u n c t i o n , b e i n a less p r o m i n e n t 
p o s i t i o n . 

8 .920 Powerplant Instrument Installation. 
P o w e r p l a n t - i n s t r u m e n t l i n e s s h o u l d b e i n s t a l l e d 
w i t h t h e s a m e p r e c a u t i o n s as r e c o m m e n d e d a n d 
u s e d fo r f u e l - s y s t e m l i n e s a n d f i t t i n g s . I n 
a d d i t i o n , g a g e s o r i n s t r u m e n t s w h i c h r e q u i r e 
t h e u s e of fue l , o i l , o r o t h e r flammable-fluid 
l i n e s , u n d e r p r e s s u r e , s h o u l d h a v e r e s t r i c t i o n s 
i n c o r p o r a t e d i n t o t h e l i n e so t h a t l i n e f a i l u r e 
wi l l n o t p e r m i t l a r g e q u a n t i t i e s of t h e f luid t o b e 
sp i l l ed in t h e e n g i n e c o m p a r t m e n t o r c o c k p i t . 
S u c h r e s t r i c t i o n s s h o u l d b e i n s t a l l e d a s c lose t o 
t h e s o u r c e a s p o s s i b l e a n d t h e orif ice o r o p e n i n g 
s h o u l d n o t b e l a r g e r t h a n a p p r o x i m a t e l y a 
n u m b e r 60 d r i l l s i ze (0 .040 i n c h ) . 

8 .921 Instrument Markings. I n t h e m a r k i n g 
of i n s t r u m e n t s i t is c o n s i d e r e d d e s i r a b l e t o u s e 
s t a n d a r d i z e d m a r k i n g s so a s t o a v o i d c o n f u s i o n 
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o r i n a d v e r t e n t h a z a r d s d u e t o e r r o n e o u s r e a d i n g s 
w h i c h m a y r e s u l t if t h e p i lo t s w i t c h e s f r o m o n e 
p l a n e t o a n o t h e r w h e r e t h e i n s t r u m e n t s a r e no t 
m a r k e d o r a r e m a r k e d in a d i f f e ren t m a n n e r . 
T h e s t a n d a r d m a r k i n g p r a c t i c e a d o p t e d b y t h e 
a i r c r a f t i n d u s t r y , a n d w h i c h is r e c o m m e n d e d 
is a s f o l l o w s : 

(a ) G r e e n a r c r e p r e s e n t i n g n o r m a l o p e r 
a t i n g r a n g e . 

( b ) Y e l l o w a r c r e p r e s e n t i n g p r e c a u t i o n a r y 

r a n g e ( b e t w e e n m a x i m u m c o n t i n u o u s a n d 
t a k e o f f ) . 

(c) R e d r a d i a l l i n e r e p r e s e n t i n g m a x i m u m 
o r m i n i m u m l i m i t s . 

( d ) R e d a r c r e p r e s e n t i n g a p r o h i b i t e d r a n g e 
fo r o t h e r t h a n m o m e n t a r y o p e r a t i o n . 

T h e m a r k i n g s h o u l d b e a c c o m p l i s h e d b y a n y 
m e t h o d d e s i r e d so l o n g a s t h e m a r k i n g c a n n o t 
b e c h a n g e d in flight a n d is r e a d i l y d i s c e r n i b l e 
a n d d u r a b l e . 
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Figure 8-1. Flexible-Hose Connections (see 8.3055). 



Fl ight Test 

9.0 Performance 
9.00 General. T h e r e a r e c e r t a i n p r i n c i p l e s 

in t h e field of a e r o n a u t i c a l e n g i n e e r i n g w h i c h 
d o n o t e n t e r d i r e c t l y i n t o p i l o t i n g b u t w h i c h 
a r e we l l for a p i l o t o r a n o p e r a t o r e n g a g e d in 
a g r i c u l t u r a l o p e r a t i o n s t o u n d e r s t a n d in o r d e r 
t o k n o w w h a t c l a i m s m a y r e a s o n a b l y b e m a d e 
for a n a i r p l a n e of k n o w n w e i g h t a n d p o w e r . 
T h e s e p r i n c i p l e s r e l a t e t o p e r f o r m a n c e w h i c h 
i n c l u d e s c l i m b , d i s t a n c e s r e q u i r e d t o t akeof f a n d 
l a n d , e t c . T h e f a c t o r s w h i c h affect t h e p e r 
f o r m a n c e of a n a i r p l a n e a r e i n t e r r e l a t e d a n d a 
c h a n g e in a n y o n e a f fec t s a l l of t h e o t h e r s . 
T h e s e f a c t o r s a r e : D r a g , w e i g h t , p o w e r . 

A s a g e n e r a l r u l e , a i r c r a f t t h a t a r e e n g a g e d 
in a g r i c u l t u r a l o p e r a t i o n s a r e f lown a t l o w v e l o c 
i t i e s a n d a l t i t u d e s . C o n s e q u e n t l y , t h e p i l o t is 
b e i n g c o n t i n u a l l y f aced w i t h t h e d a n g e r s a s s o 
c i a t e d w i t h o p e r a t i o n s in a r e a s of r e s t r i c t e d 
m a n e u v e r a b i l i t y c a u s e d b y o b s t a c l e s i n c l u d i n g 
t r e e s , t r a n s m i s s i o n l i ne w i r e s a n d po l e s , h o u s e s , 
e t c . I t is e s s e n t i a l t h a t a i r c r a f t w h i c h a r e u s e d 
for a g r i c u l t u r a l o p e r a t i o n s h a v e t h e c l i m b p e r 
f o r m a n c e n e c e s s a r y t o a v o i d co l l i s ions w i t h 
o b s t a c l e s i n t h e p a t h of f l ight a n d t o m i n i m i z e 
t h e p o s s i b i l i t y of s t a l l - s p i n a c c i d e n t s r e s u l t i n g 
f r o m a b r u p t p u l l - u p s , s t e e p t u r n s a n d c l i m b s . 
I n o r d e r t h a t suff ic ient c l i m b p e r f o r m a n c e is 
m a i n t a i n e d for sa fe o p e r a t i o n s , it is n e c e s s a r y 
t h a t t h e o p e s a t o r u n d e r s t a n d w h a t m a k e s t h e 
a i r p l a n e c l i m b a n d t h e in f luence of t h e v a r i o u s 
f a c t o r s m e n t i o n e d a b o v e o n c l i m b p e r f o r m a n c e . 

9.01 Climb Performance. A t a n y v e l o c i t y 
b e t w e e n t h e m i n i m u m leve l flight s p e e d a n d 
t h e m a x i m u m leve l flight s p e e d , t h e p o w e r 
a v a i l a b l e in t h e e n g i n e is g r e a t e r t h a n t h e p o w e r 
r e q u i r e d b y t h e a i r p l a n e t o m a i n t a i n l eve l flight. 
I n l eve l f l ight t h e e n g i n e is t h r o t t l e d b u t t h e 
e x t r a p o w e r is a v a i l a b l e fo r t h e p u r p o s e of 
c l i m b i n g . T h e m a x i m u m r a t e - o f - c l i m b o c c u r s 
a t a s p e e d w h e r e t h e d i f fe rence b e t w e e n t h e 
p o w e r a v a i l a b l e a n d t h e p o w e r r e q u i r e d (i. e., 
t h e excess p o w e r ) is t h e g r e a t e s t . T h i s s p e e d 
is k n o w n a s t h e b e s t r a t e - o f - c l i m b s p e e d . T h e 
m a x i m u m r a t e - o f - c l i m b of a n y a i r p l a n e is a 
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f u n c t i o n of i t s e x c e s s p o w e r a t t h e b e s t r a t e -o f -
c l i m b s p e e d . T h e g r e a t e r t h e e x c e s s p o w e r , t h e 
m o r e c l i m b t h e r e is a v a i l a b l e w i t h full t h r o t t l e , 
a n d c o n v e r s e l y l ess excess p o w e r r e s u l t s in l o w e r 
c l i m b p e r f o r m a n c e . W i t h t h i s i n m i n d , t h e 
v a r i a t i o n of e x c e s s p o w e r d u e t o t h e i n f l u e n c e 
of d r a g a n d w e i g h t of t h e a i r p l a n e a n d t h e 
a t m o s p h e r i c c o n d i t i o n s o n t h e e n g i n e p o w e r wi l l 
n o w b e d i s c u s s e d . 

9 .010 Effect of Drag on Climb. D r a g is d e 
fined a s t h e c o m p o n e n t of t h e t o t a l a i r fo rce o n 
a b o d y p a r a l l e l t o t h e r e l a t i v e w i n d . AH p a r t s 
of t h e a i r p l a n e t h a t a r e e x p o s e d t o a i r s t r e a m 
c o n t r i b u t e t o t h e d r a g . T h e t o t a l d r a g of a n 
a i r p l a n e m a y b e c o n v e n i e n t l y d i v i d e d i n t o t w o 
p a r t s , t h e w i n g d r a g a n d t h e d r a g of a l l o t h e r 
p a r t s e x c e p t t h e w i n g s . T h e l a t t e r i n c l u d e s 
d r a g c r e a t e d b y t h e f u s e l a g e , l a n d i n g g e a r , t a i l 
s u r f a c e s , s p r a y e r a n d d u s t e r e q u i p m e n t a n d 
a n y o t h e r e x t e r n a l i n s t a l l a t i o n s w h i c h d o n o t 
c o n t r i b u t e n o t a b l y t o t h e l i f t . T h i s d r a g is i n 
c l u d e d u n d e r a t e r m e x p r e s s i n g i t s l a c k of 
u t i l i t y , n a m e l y , p a r a s i t e d r a g ; b u t u n f o r t u n a t e 
l y for t h e p r e s e n t p u r p o s e s t h e e x a c t u p - t o - d a t e 
d e f i n i t i o n of t h i s t e r m m a k e s i t i n c l u d e a l s o a 
p a r t of t h e w i n g d r a g c a l l e d p rof i l e d r a g . T h e 
prof i le d r a g is t h e d i f fe rence b e t w e e n t h e t o t a l 
w i n g d r a g a n d t h e d r a g i n d u c e d b y t h e l i f t . 

A c e r t a i n a m o u n t of t h e e n g i n e p o w e r is r e 
q u i r e d t o o v e r c o m e t h e t o t a l d r a g of t h e a i r p l a n e 
d u r i n g flight. S i n c e t h e d r a g of t h e a i r p l a n e 
v a r i e s w i t h t h e s p e e d t h e a m o u n t of p o w e r r e 
q u i r e d a l so v a r i e s . H o w e v e r , if t h e d r a g of t h e 
a i r p l a n e is i n c r e a s e d a s a r e s u l t of t h e i n s t a l l a 
t i o n of a d d i t i o n a l e q u i p m e n t , s u c h a s s p r a y e r 
o r d u s t e r a p p a r a t u s , t h e r e is a c o r r e s p o n d i n g 
i n c r e a s e in t h e p o w e r r e q u i r e d t h r o u g h o u t t h e 
e n t i r e s p e e d r a n g e of t h e a i r p l a n e a n d c o n s e 
q u e n t l y a r e d u c t i o n in t h e a m o u n t of e x c e s s 
p o w e r a v a i l a b l e for c l i m b i n g . 

F r o m t h e a b o v e d i s c u s s i o n , t h e i m p o r t a n c e 
of m i n i m i z i n g t h e p a r a s i t e d r a g c a u s e d b y t h e 
i n s t a l l a t i o n of s p r a y e r a n d d u s t e r e q u i p m e n t is 
o b v i o u s . S i n c e t h e d r a g of a n y o b j e c t s u b 
j e c t e d t o t h e a i r s t r e a m is a f u n c t i o n of i t s s ize 
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a n d s h a p e , d r a g r e d u c t i o n c a n b e a c c o m p l i s h e d 
b y e l i m i n a t i n g al l e x t e r n a l b r a c i n g w i r e s a n d 
s t r u t s w h i c h a r e n o t n e c e s s a r y s t r u c t u r a l l y : 
i n s t a l l i n g s p r a y t a n k s i n s i d e t h e fuse lage o r 
p i l o t ' s c o m p a r t m e n t : a v o i d i n g o v e r s i z e d w i n d -
d r i v e n p u m p s ; e t c . 

D r a g is a l so c a u s e d b y t u r b u l e n t a i r d u e t o 
i n t e r f e r e n c e of s t r u t a n d w i r e b r a c e fittings a t 
t h e fuse lage a n d w i n g s u r f a c e s . T h i s t u r b u l e n t 
a i r r e p r e s e n t s loss of e n e r g y w h i c h m u s t b e 
p a i d for b y e n g i n e p o w e r a s in t h e case of p a r a 
s i t e d r a g . A l t h o u g h d r a g c a u s e d b y t u r b u l e n c e 
a t l o w s p e e d is o r d i n a r i l y of less i m p o r t a n c e 
t h a n p a r a s i t e d r a g , p o o r i n s t a l l a t i o n of t h e 
s p r a y e q u i p m e n t c a n c a u s e u n n e c e s s a r y ex 
c e s s i v e a i r s t r e a m d i s t u r b a n c e . P a r t i c u l a r 
t h o u g h t s h o u l d b e g i v e n t o k e e p i n g t h e s p r a y 
b o o m s a w a y f r o m t h e w i n g s u r f a c e s ; c o n s i d e r 
a b l e t u r b u l e n c e c a n b e c r e a t e d a l o n g t h e e n t i r e 
s p a n w h e n t h e b o o m s a r e in p r o x i m i t y t o t h e 
w i n g s . S t r u t a n d w i r e b r a c e fittings s h o u l d 
b e k e p t s m a l l a n d c l ean o r s t r e a m l i n e d . 

9.011 Effect of Weight on Climb. T h e w e i g h t 
is p e r h a p s t h e m o s t i m p o r t a n t of al l f a c t o r s 
a f f ec t i ng c l i m b p e r f o r m a n c e . U n l i k e t h e ca se of 
t h e t o t a l d r a g w h i c h is a " f i x e d " f a c t o r d e p e n d 
i n g o n t h e a i r p l a n e v e l o c i t y for a n e s t a b l i s h e d 
c o n f i g u r a t i o n , o r p o w e r w h i c h v a r i e s w i t h a t 
m o s p h e r i c c o n d i t i o n s w h i c h wil l b e d i s c u s s e d 
l a t e r , w e i g h t is c o n t r o l l a b l e b y t h e o p e r a t o r . 
T h e c o m b i n a t i o n of fuel a n d s p r a y i n g o r d u s t i n g 
c h e m i c a l s l o a d e d in t h e a i r p l a n e p r e s e n t t h e 
g r e a t e s t o p p o r t u n i t y for c o n t r o l l i n g w e i g h t o v e r 
a w i d e r a n g e . 

W h e n t h e w e i g h t of t h e a i r p l a n e is i n c r e a s e d , 
e i t h e r t h e v e l o c i t y m u s t b e i n c r e a s e d o r t h e 
a n g l e of a t t a c k m u s t b e g r e a t e r d u r i n g flight in 
o r d e r t o p r o d u c e t h e a d d i t i o n a l lift r e q u i r e d . 
T h e i n c r e a s e d w e i g h t of t h e a i r p l a n e m u s t b e 
b a l a n c e d b y t h e a d d i t i o n a l lift c r e a t e d e i t h e r 
b y t h e h i g h e r v e l o c i t y a t t h e s a m e a n g l e of 
a t t a c k o r t h e g r e a t e r a n g l e of a t t a c k a t t h e s a m e 
v e l o c i t y . 

S i n c e t h e s p e e d r a n g e is l i m i t e d t o t h e l o w e r 
ve loc i t i e s d u r i n g o p e r a t i o n s , l eve l flight is 
m a i n t a i n e d b y i n c r e a s i n g t h e a n g l e of a t t a c k 
w h e n g r e a t e r l o a d s a r e c a r r i e d . H o w e v e r , t h e 
l a r g e r a n g l e of a t t a c k a l so c a u s e s a c o r r e s p o n d 
i n g i n c r e a s e t o t h e d r a g of t h e a i r p l a n e d u e 
m a i n l y t o t h e i n d u c e d d r a g of t h e w i n g . T h i s 
c r e a t e s a r e su l t s i m i l a r t o t h e effect of p a r a s i t e 

d r a g o n t h e c l i m b d i s c u s s e d in t h e p r e v i o u s 
s e c t i o n , i. e. , t h e a d d i t i o n a l p o w e r r e q u i r e d t o 
o v e r c o m e t h e i n c r e a s e d w i n g d r a g r e d u c e s t h e 
excess p o w e r a v a i l a b l e for c l i m b i n g , 

9 .012 Effect of Power on Climb. T h e p r e v i 
o u s d i s c u s s i o n s h o w e d h o w t h e r a t e - o f - c l i m b i s 
r e d u c e d d u e t o a d e c r e a s e in t h e e x c e s s p o w e r 
w h e n t h e p o w e r r e q u i r e d b y t h e a i r p l a n e i s 
i n c r e a s e d w i t h a d d e d d r a g a n d w e i g h t . I n b o t h 
of t h e s e ca se s t h e p o w e r a v a i l a b l e in t h e e n g i n e 
w a s n o t i n f l u e n c e d b y t h e d r a g o r w e i g h t . I t 
c a n b o s h o w n h o w t h e excess p o w e r is a l so i n 
fluenced b y c h a n g e s t o t h e a v a i l a b l e e n g i n e 
p o w e r c a u s e d b y v a r i a t i o n s in t h e a t m o s p h e r i c 
c o n d i t i o n s . 

A n a i r p l a n e e n g i n e is r a t e d for a c e r t a i n p o w e r 
a t a r a t e d n u m b e r of r e v o l u t i o n s p e r m i n u t e . 
W i t h f ewer n u m b e r of r e v o l u t i o n s p e r m i n u t e 
t h e r e will b e fewer p o w e r s t r o k e s p e r m i n u t e 
a n d c o n s e q u e n t l y less p o w e r e v e n t h o u g h t h e 
t h r o t t l e is w i d e o p e n . 

C o m b u s t i o n t a k e s p l a c e in t h e c y l i n d e r s of 
t h e e n g i n e a s a r e su l t of i g n i t i n g of a m i x t u r e of 
g a s o l i n e a n d a i r . A r i c h m i x t u r e m e a n s a s m a l l 
m a s s of a i r m i x e d w i t h a l a r g e m a s s of g a s o l i n e 
v a p o r . A l e a n m i x t u r e m e a n s a l a r g e m a s s of 
a i r m i x e d w i t h a s m a l l m a s s of g a s o l i n e v a p o r . 

V a r i a t i o n s in a t m o s p h e r i c c o n d i t i o n s affect 
t h e a m o u n t of a i r i n d u c t e d b y t h e e n g i n e a n d 
h e n c e i t s p o w e r . B o t h t h e a i r p r e s s u r e a n d a i r 
t e m p e r a t u r e d e c r e a s e w i t h i n c r e a s i n g a l t i t u d e . 
O b v i o u s l y t h e c o n d i t i o n s t h a t p r e v a i l a t a n y 
o n e g i v e n a l t i t u d e v a r y s o m e w h a t w i t h t h e 
w e a t h e r , b u t t h e h i g h e r o n e g o e s t h e m o r e 
n e a r l y c o n s t a n t t h e y b e c o m e . T h e i n t a k e 
m a n i f o l d a n d t h e c y l i n d e r s of a n e n g i n e a r e 
fixed in s ize . A s t h e a l t i t u d e is i n c r e a s e d , t h e 
d e n s i t y of t h e a i r d e c r e a s e s . I n t h e s a m e v o l 
u m e t h e r e is less m a s s of a i r . If t h e s a m e m a s s 
of g a s o l i n e is d r a w n i n t o t h e c y l i n d e r , a s a t t h e 
l o w e r a l t i t u d e , t h e m i x t u r e is r i c h e r s i n c e t h e 
r a t i o of t h e m a s s of a i r t o t h e m a s s of fuel v a p o r 
is less . ' W h e t h e r o r n o t t h e c a r b u r e t o r is a d 
j u s t e d t o g i v e t h e s a m e l e a n n e s s of m i x t u r e , 
less fuel v a p o r c a n b e b u r n e d p e r s t r o k e t h a n 
a t t h e l o w e r a l t i t u d e . T h i s m e a n s less p o w e r 
p e r s t r o k e , e v e n if t h e e n g i n e is r u n n i n g t h e 
s a m e r e v o l u t i o n s p e r m i n u t e a s a t s e a l e v e l . 

H i g h h u m i d i t y c o n d i t i o n s a l so h a v e a n a d 
v e r s e effect o n e n g i n e p o w e r . T h i s is p a r t i c u -



CAM 8 AIRCRAFT AIRWORTHINESS RESTRICTFD CATEGORY 8 3 

l a r l y c r i t i c a l a s h i g h h u m i d i t y is c o m m o n l y 
a s s o c i a t e d w i t h h i g h a t m o s p h e r i c t e m p e r a t u r e s . 

9 .02 Determination of Climb Performance. 
A g e n e r a l d i s c u s s i o n of t h e q u a l i t a t i v e i n f luence 
of d r a g , w e i g h t , a n d p o w e r o n a i r p l a n e c l i m b 
p e r f o r m a n c e w a s p r e s e n t e d in t h e p r e c e d i n g 
s e c t i o n . I n o r d e r t o d e t e r m i n e t h e a c t u a l v a l u e 
of t h e a v a i l a b l e r a t e - o f - c l i m b , t h e w e i g h t , 
a l t i t u d e , a n d t e m p e r a t u r e a t t h e t i m e of o p e r a 
t i o n m u s t b e k n o w n . A n a n a l y s i s of t h e c l i m b 
p e r f o r m a n c e for s e v e r a l a i r p l a n e s c o n v e r t e d 
for u s e as c r o p s p r a y e r s o r d u s t e r s h a s b e e n 
m a d e for t h e p u r p o s e of p r e s e n t i n g i n f o r m a t i o n 
w h i c h will b e of a s s i s t a n c e in t h e d e t e r m i n a t i o n 
of c l i m b r a t e s . 

I t m u s t b e r e m e m b e r e d t h a t t h e r e s u l t s of 
t h e a n a l y s i s s h o w n h e r e i n d o n o t n e c e s s a r i l y 
i n d i c a t e t h a t t h e s e a c t u a l c l i m b v a l u e wil l b e 
r e a l i z e d for al l a i r p l a n e s of t h e s a m e m o d e l . T h e 
p e r f o r m a n c e of s i m i l a r m o d e l s c a n v a r y , d u e t o 
a n u m b e r of r e a s o n s , s u c h a s p r o p e l l e r eff iciency, 
c o n d i t i o n of t h e e n g i n e , t y p e of d u s t e r o r s p r a y e r 
a p p a r a t u s , e t c . H o w e v e r , t h e r e s u l t s c o n t a i n e d 
h e r e i n s e r v e t w o m a i n p u r p o s e s : F i r s t , t h e v a r i 
a b l e s w h i c h affect c l i m b p e r f o r m a n c e a r e c o n 
s i d e r a b l y m o r e i n f o r m a t i v e w h e n a q u a n t i t a t i v e 
t r e n d is s h o w n ; s e c o n d , c l i m b p e r f o r m a n c e s c a n 
b e a p p r o x i m a t e d f r o m t h e r e s u l t s for u s e in 
o p e r a t i o n s w i t h o u t t h e n e c e s s i t y of b u r d e n s o m e 
t e s t s t o d e t e r m i n e t h a t t h e a i r p l a n e h a s n o t 
b e e n u n s a f e l y o v e r l o a d e d , p e r f o r m a n c e wi se . 

D a t a f r o m s e v e r a l t y p e s of a i r p l a n e s w e r e 
u s e d in o r d e r t o d e t e r m i n e t h e i n f l u e n c e of t h e 
d r a g c r e a t e d b y t h e i n s t a l l a t i o n of d u s t e r a n d 
s p r a y e r a p p a r a t u s o n t h e r a t e - o f - c l i m b . T h e 
c l i m b p e r f o r m a n c e of t h e a i r p l a n e s c o n v e r t e d 
for a g r i c u l t u r a l o p e r a t i o n s w a s c o m p a r e d t o 
m o d e l s of t h e s a m e t y p e w i t h o u t t h e d u s t e r o r 
s p r a y e r e q u i p m e n t . T h e r e s u l t s of t h i s c o m 
p a r i s o n s h o w e d t h a t t h e c o n v e r t e d a i r p l a n e s 
e x p e r i e n c e d c l i m b r e d u c t i o n s in t h e o r d e r of 
f r o m 15 p e r c e n t t o 30 p e r c e n t . 

S i n c e flight t e s t s d a t a a r e g e n e r a l l y o b t a i n e d 
a t a w e i g h t for w h i c h a p p r o v a l is d e s i r e d , t h e 
c l i m b p e r f o r m a n c e for a r a n g e of w e i g h t s w a s 
c a l c u l a t e d f r o m a m a t h e m a t i c a l e q u a t i o n d e 
v e l o p e d for t h i s p u r p o s e . O b v i o u s l y , c l i m b 
p e r f o r m a n c e d e c r e a s e d w i t h i n c r e a s i n g w e i g h t , 
b u t t h e r a t e of d e c r e a s e v a r i e d for e a c h p a r t i c 
u l a r m o d e l . 

T h e r e s u l t s s h o w e d c l i m b r e d u c t i o n s of f r o m 
4 5 p e r c e n t t o 75 p e r c e n t a t a w e i g h t of 2 0 p e r 
c e n t a b o v e t h a t w h i c h w a s u s e d a s a b a s i s fo r t h e 
a n a l y s i s . T h e d a t a in F i g u r e 9 - 1 h a s b e e n p r e 
p a r e d t o s h o w t h e a p p r o x i m a t e m a x i m u m 
r a t e - o f - c l i m b a v a i l a b l e a t v a r i o u s w e i g h t s fo r 
s e v e r a l t y p i c a l m o d e l s u s e d i n a g r i c u l t u r a l 
o p e r a t i o n s . 

T h e in f luence of a l t i t u d e a n d t e m p e r a t u r e o n 
c l i m b p e r f o r m a n c e w a s d e t e r m i n e d f r o m a n 
a n a l y s i s of d a t a w h i c h w a s a v a i l a b l e fo r a 
n u m b e r of n o n - a g r i c u l t u r a l c a t e g o r y a i r c r a f t . 
A c h a r t s h o w i n g r a t e - o f - c l i m b c o r r e c t i o n fo r 
a l t i t u d e a n d t e m p e r a t u r e , F i g u r e 9 - 2 , w a s p r e 
p a r e d f r o m t h e r e s u l t s a n d a s s u m e d t o a p p l y 
t o a i r c r a f t e q u i p p e d w i t h s p r a y e r a n d d u s t e r 
e q u i p m e n t . A s t u d y of t h i s c h a r t i n d i c a t e s 
t h a t c l i m b i n c r e a s e s a p p r o x i m a t e l y 2 p e r c e n t 
o v e r t h e c l i m b a t s t a n d a r d t e m p e r a t u r e , 5 9 ° F . , 
fo r e v e r y 10° F . d e c r e a s e in a i r t e m p e r a t u r e . 
C o n v e r s e l y , c l i m b p e r f o r m a n c e d e c r e a s e s a p 
p r o x i m a t e l y 2 p e r c e n t u n d e r t h a t a t s t a n d a r d 
t e m p e r a t u r e for e v e r y 10° F . i n c r e a s e in a i r 
t e m p e r a t u r e . T h e effect of a l t i t u d e i n d i c a t e s 
t h a t t h e r e is a r e d u c t i o n in c l i m b of a p p r o x i 
m a t e l y 8 p e r c e n t for e v e r y 1,000 fee t . 

T h e f o l l o w i n g e x a m p l e is g i v e n for t h e p u r p o s e 
of d e m o n s t r a t i n g h o w to a p p r o x i m a t e t h e m a x 
i m u m r a t e - o f - c l i m b a v a i l a b l e fo r a n a i r p l a n e 
w h i c h is b e i n g u s e d a s a c r o p d u s t e r . 

E x a m p l e . — C r o p d u s t e r o p e r a t i o n s a r e t o b e 
c o n d u c t e d in a N a v y N 3 N - 3 a i r p l a n e w h i c h 
h a s b e e n l o a d e d t o a g r o s s w e i g h t of 4 , 0 5 0 
p o u n d s . W h a t wil l b e t h e a p p r o x i m a t e m a x 
i m u m a v a i l a b l e r a t e - o f - c l i m b if t h e a i r t e m p 
e r a t u r e is 8 0 ° F . a n d t h e a i r p l a n e ' s a l t i m e t e r 
r e g i s t e r s a p r e s s u r e a l t i t u d e of 1,500 f e e t ? 

S o l u t i o n . — F r o m F i g u r e 9 - 1 , t h e a p p r o x i m a t e 
m a x i m u m a v a i l a b l e r a t e - o f - c l i m b fo r t h e N a v y 
N 3 N - 3 a t a w e i g h t of 4 , 0 5 0 p o u n d s is 870 f e e t 
p e r m i n u t e . F r o m F i g u r e 9 - 2 , t h e c o r r e c t i o n 
f a c t o r , F c , is d e t e r m i n e d t o b e 0 .84 fo r a t e m 
p e r a t u r e of 8 0 ° F . , a n d a p r e s s u r e a l t i t u d e of 
1,500 fee t . T h e m a x i m u m r a t e - o f - c l i m b for 
t h e a b o v e c o n d i t i o n s is c a l c u l a t e d t o b e : 

8 7 0 X 0 . 8 4 = 730 fee t p e r m i n u t e 

9.1 Flight Characteristics 
9.10 General. I n 1948 t h e f a t a l i t i e s p e r 

a c c i d e n t a m o n g c r o p d u s t e r s w e r e a b o u t 2 0 
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p e r c e n t a b o v e o t h e r t y p e s of n o n - s c h e d u l e d 
flying. T h e d e s t r o y e d a i r c r a f t w a s 40 p e r c e n t 
h i g h e r p e r a c c i d e n t . T h e r e m u s t b e a r e a s o n . 
I t c e r t a i n l y m u s t n o t b e a l a c k of p i l o t e x p e r i 
e n c e o r ski l l for t h e p i l o t s i n v o l v e d in t h e c r o p 
d u s t i n g a c c i d e n t s o v e r 81 p e r c e n t h a d a t l e a s t 
1 ,000 h o u r s of f ly ing . I t m u s t b e t h e n a t u r e 
of t h e w o r k ; t h e n e c e s s i t y of l o w flying q u i c k 
p u l l - u p s , a n d t i g h t t u r n s . T h e s e p r a c t i c e s h a v e 
r e s u l t e d in t h e fo l l owing s t a t i s t i c s for c r o p 
d u s t e r a c c i d e n t s : 

4 9 p e r c e n t — C o l l i s i o n s w i t h t r e e s , w i r e , 
po l e s , s t a n d p i p e s , e t c . 

27 p e r c e n t — L a n d i n g g e a r f a i l u r e , fires, 
e n g i n e f a i l u r e , t akeo f f s , a n d 
l a n d i n g s , e t c . 

24 p e r c e n t — S t a l l - s p i n a c c i d e n t s . 
T h e l a s t 24 p e r c e n t a r e c a u s e d b y s t a l l s a t 

l o w a l t i t u d e s fo l lowed b y a t e n d e n c y t o s p i n . 
I t is p r o b a b l e t h a t s o m e of t h e 4 9 p e r c e n t a r e 
a l s o t h e r e s u l t of a s t a l l i n a q u i c k p u l l - u p t o 
a v o i d o b s t a c l e s , m a k i n g f u r t h e r c l i m b i m p o s s i 
b l e a n d a col l i s ion i n e v i t a b l e . W h i l e t h e s t a l l -
s p i n t y p e o n l y r e p r e s e n t s a m i n o r i t y of t h e 
a c c i d e n t s , it is r e s p o n s i b l e for t h e g r e a t e s t n u m 
b e r of f a t a l i t i e s , (37 p e r c e n t ) a n d is t h e r e f o r e 
t h e g r e a t e s t p o t e n t i a l h a z a r d t o t h e c r o p - d u s t e r . 

9.11 Facts About the Stall. T h e stail speed 
of a n a i r p l a n e v a r i e s w i t h w e i g h t , c. g. , l o a d i n g , 
t y p e of m a n e u v e r ( t i g h t t u r n , q u i c k p u l l - u p ) , 
p o w e r , e t c . 

T h e stall speed u s u a l l y q u o t e d for a n a i r p l a n e 
is t h a t w i t h p o w e r off. g r o s s l o a d , s t r a i g h t u n -
a c c e l e r a t e d flight w i t h t h e s p e e d s l o w l y r e d u c e d 
b y b a c k p r e s s u r e o n t h e s t i c k . 

T h e s p e e d a t w h i c h t h e b e s t a n g l e of c l i m b 
is o b t a i n e d is u s u a l l y a b o u t 25 percent above the 
stall speed. I f t h e a i r p l a n e is flying a t l o w e r 
s p e e d s i t s a b i l i t y t o c l i m b is r e d u c e d u n t i l a t t h e 
s t a l l it is z e r o . 

Tight turns and rapid pull-ups i n c r e a s e t h e 
s t a l l s p e e d . (A 2 " G " p u l l - u p o r a 6 0 ° b a n k e d 

t u r n w i t h o u t a l t i t u d e c h a n g e wi l l i n c r e a s e t h e 
s t a l l s p e e d 4 0 p e r c e n t . ) 

Overloading i n c r e a s e s t h e s t a l l s p e e d . (25 
p e r c e n t o v e r l o a d i n c r e a s e s t h e s t a l l s p e e d 12 
p e r c e n t . ) 

A. c. g. loading beyond the allowed limits wi l l 
i n c r e a s e t h e s t a l l s p e e d , al l d e p e n d i n g o n t h e 
d e g r e e of l o a d i n g b e y o n d t h e c. g. 

With full power t h e s t a l l s p e e d of a n a i r c r a f t 
wil l g e n e r a l l y b e a b o u t 10 p e r c e n t l o w e r t h a n 
t h a t w i t h n o p o w e r . 

Of l e s se r i m p o r t a n c e is a change in the sprayer 
boom or the spreader w h i c h m a y d i s t u r b t h e flow 
of a i r o v e r t h e w i n g s o r t a i l r e s u l t i n g in a h i g h e r 
s t a l l i n g s p e e d . 

T o a i d in p r e v e n t i n g t h e s e s t a l l s t h e fo l low
ing p r a c t i c e s a r e r e c o m m e n d e d : 

1. K e e p t h e a i r p l a n e l o a d e d w i t h i n t h e 
c. g. l i m i t s . 

2. K e e p t h e l o a d i n g d o w n t o a r e a s o n a b l e 
a m o u n t . 

3 . W h e n in t h e v i c i n i t y of a s t a l l u s e ful l 
p o w e r . 

4 . K e e p t h e s p e e d wel l a b o v e t h e s t a l l . 
5 . A v o i d s u d d e n p u l l - u p s a n d t i g h t t u r n s . 
6. A f t e r a n y n e w i n s t a l l a t i o n c h e c k t h e 

s t a l l c h a r a c t e r i s t i c s . 
L o a d i n g is i m p o r t a n t n o t o n l y in s t a l l s , b u t 

a l so in h a n d l i n g c h a r a c t e r i s t i c s . A s t h e c. g . 
is m o v e d af t t h e a i r p l a n e b e c o m e s m o r e u n 
s t a b l e , t h e s t i c k f o r c e s a r e r e d u c e d , t h e c o n t r o l s 
b e c o m e s l u g g i s h a n d i n c r e a s e d a t t e n t i o n i s n e c 
e s s a r y t o k e e p it o n a n e v e n k e e l . A s t h e c. g . 
is m o v e d f o r w a r d t h e c o n t r o l fo r ce s i n c r e a s e 
a n d w h e n t h e f o r w a r d c. g . is e x c e e d e d t h e s t i c k 
f o r c e s m a y e x c e e d t h e v a l u e s d e s i r a b l e for a n 
a i r c r a f t t h a t is b e i n g c o n s t a n t l y m a n e u v e r e d . 
W i t h p r o p e r l o a d i n g , t h e s t a b l e a i r p l a n e wi l l 
fly w i t h less p i lo t effort , g i v i n g m o r e t i m e for 
safe flight p l a n n i n g a n d m o r e a l e r t n e s s fo r 
p o t e n t i a l h a z a r d s . 



Figure 9-1. Note: Best R/C speed is shown for the CAA approved maximum weight. Increase speed approximately 
5 percent for a 20-percent weight increase. 
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Figure 9-8. ¥c Rate of Climb Correction for Altitude and Temperature (see 9.02). 
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Appendix B 
Airworthiness Criteria for Agricultural and 

Similar Special Purpose Aircraft 

.0 Basis and Purpose 
T h e s e a i r w o r t h i n e s s c r i t e r i a a r e i s s u e d b y t h e 

A d m i n i s t r a t i o r a s a g u i d e w h e r e b y t h e a p p l i c a n t 
for a t y p e c e r t i f i c a t e m a y s e l e c t t h e a p p r o 
p r i a t e a i r w o r t h i n e s s r e q u i r e m e n t s for a g r i c u l 
t u r a l a n d s i m i l a r s p e c i a l p u r p o s e a i r c r a f t in 
a c c o r d a n c e w i t h C A M 8 . 1 0 - 1 . I n a c c o r d a n c e 
w i t h C A R 8.10 (a) (1 ) , t h e s e a i r w o r t h i n e s s 
c r i t e r i a h a v e b e e n d e r i v e d f r o m P a r t 3 of t h e 
C i v i l A i r R e g u l a t i o n s , " A i r p l a n e A i r w o r t h i 
n e s s — N o r m a l , U t i l i t y , a n d A c r o b a t i c C a t e 
g o r i e s , " a s a m e n d e d t o J u l y 1, 1 9 5 1 . C e r t a i n 
r e q u i r e m e n t s of C A R 3 h a v e b e e n w a i v e d , 
m o d i f i e d , o r p r e s e n t e d in a d i f fe ren t f o r m , t o 
p r o v i d e c r i t e r i a a p p r o p r i a t e t o t h e t y p e s of 
a i r p l a n e s a n d o p e r a t i o n s p r o v i d e d in s e c t i o n .00 
of t h i s A p p e n d i x , a n d t o s i m p l i f y m e t h o d s a n d 
p r o c e d u r e s for s h o w i n g c o m p l i a n c e , in a c c o r d 
a n c e w i t h t h e o b j e c t i v e s of C A R 8, a s s t a t e d b y 
t h e C i v i l A e r o n a u t i c s B o a r d in t h e p r e a m b l e t o 
t h a t P a r t . ( T h e P r e a m b l e is q u o t e d in C A M 
8.) 

.00 Scope and Applicability. T h e s e c r i t e r i a 
m a y b e u s e d a s t h e b a s i s for t h e i s s u a n c e o r 
m o d i f i c a t i o n of t y p e c e r t i f i c a t e s in t h e r e s t r i c t e d 
p u r p o s e c a t e g o r y of a n a i r c r a f t i n t e n d e d t o b e 
o p e r a t e d for a g r i c u l t u r a l a n d s i m i l a r spec i a l 
p u r p o s e o p e r a t i o n s . T h e c r i t e r i a p r o v i d e d 
h e r e i n a r e a p p l i c a b l e t o s i n g l e - e n g i n e a i r p l a n e s , 
i n t e n d e d for l o w - s p e e d d u s t i n g , s p r a y i n g , a n d 
s i m i l a r t y p e s of o p e r a t i o n s . 

.01 Safety Recommendations. S e v e r a l s a f e t y 
r e c o m m e n d a t i o n s for c o n s i d e r a t i o n in t h e b a s i c 
d e s i g n of t h e a i r c r a f t a r e a l so i n c l u d e d w i t h t h e s e 
c r i t e r i a . A d d i t i o n a l s u g g e s t i o n s a n d e x a m p l e s 
d e a l i n g w i t h t h e s a f e t y a s p e c t s of a g r i c u l t u r a l 
a i r c r a f t a n d t h e d i s p e n s i n g i n s t a l l a t i o n s a r e 
p u b l i s h e d in A p p e n d i x A t o C i v i l A e r o n a u t i c s 
M a n u a l 8 , e n t i t l e d , " R e s t r i c t e d C a t e g o r y A i r 
c r a f t M o d i f i c a t i o n s . " 

.02 Type Certificate. A n a p p l i c a n t wi l l bo 
i s s u e d a t y p e c e r t i f i c a t e a f t e r t h e a i r c r a f t h a s 
b e e n s h o w n t o c o m p l y w i t h t h e s e a i r w o r t h i n e s s 

c r i t e r i a t o g e t h e r w i t h p r o c e d u r a l r e q u i r e m e n t s 
d e s c r i b e d in P a r t 1 of t h e C i v i l A i r R e g u l a t i o n s . 
T h e p r o c e d u r e is f u r t h e r e x p l a i n e d in C A M 
8 . 1 0 - 1 a n d C A M 8 . 1 0 - 3 (a) (2) of C i v i l A e r o 
n a u t i c s M a n u a l 8. 

.03 Airworthiness Certificate. A n a i r w o r t h i 
n e s s c e r t i f i c a t e wi l l b e i s sued for a i r c r a f t t y p e 
c e r t i f i c a t e d in t h e r e s t r i c t e d c a t e g o r y u n d e r 
C i v i l A i r R e g u l a t i o n s 8.10 (a ) (1) a n d s u b s e 
q u e n t l y m a n u f a c t u r e d u n d e r t h i s t y p e ce r 
t i f i c a t e w h e n u p o n i n s p e c t i o n of t h e a i r p l a n e t h e 
A d m i n i s t r a t o r d e t e r m i n e s t h a t i t c o n f o r m s t o 
t h e t y p e d e s i g n a n d is in c o n d i t i o n for sa fe 
o p e r a t i o n , a n d h a s p r e s c r i b e d o p e r a t i n g l i m i t a 
t i o n s i n a c c o r d a n c e w i t h C A R 8 . 3 0 a n d C A M 
8 . 3 0 - 1 . T h e p r o c e d u r e s for i s s u a n c e of a n 
a i r w o r t h i n e s s c e r t i f i c a t e a r e d e s c r i b e d in P a r t s 
1 a n d 8 of t h e C i v i l A i r R e g u l a t i o n s a n d f u r t h e r 
e x p l a i n e d in C A M 8 . 2 0 - 2 of C i v i l A e r o n a u t i c s 
M a n u a l 8. 

.04 Procedure for Showing Compliance. 
(a) T o e x p e d i t e a p p r o v a l of t h e t y p e d e s i g n 

a t l e a s t t h e f o l l o w i n g i n f o r m a t i o n s h o u l d b e 
f o r w a r d e d t o t h e C A A in t h e e a r l y s t a g e s of t h e 
p r o j e c t : 

(1) A g e n e r a l d e s c r i p t i o n of t h e a i r p l a n e 
a n d a n y u n u s u a l o r u n c o n v e n t i o n a l f e a t u r e s 
t h e r e i n , t o g e t h e r w i t h a t h r e e - v i e w d i m e n s i o n a l 
d r a w i n g . 

(2) A s t a t e m e n t of l o a d i n g c o n d i t i o n s t o 
b e u s e d for m a j o r c o m p o n e n t s . W h e r e l o a d i n g 
c o n d i t i o n s di f fer f r o m t h o s e spec i f i ed i n t h e s e 
c r i t e r i a a c o m p l e t e d e s c r i p t i o n of t h e l o a d i n g s 
u s e d a n d t h e i r s o u r c e a r e r e q u i r e d 

(3) A s t a t e m e n t o u t l i n i n g t h e m e t h o d of 
a n a l y s i s a n d t e s t s t o b e c o n d u c t e d in s u b s t a n t i 
a t i o n of s t r u c t u r a l a n d p o w e r p l a n t i t e m s . 
T h i s s t a t e m e n t m a y b e c o m b i n e d w i t h t h e s t a t e 
m e n t of (2) a b o v e if d e s i r e d . 

(b) P r i o r t o c e r t i f i c a t i o n , t h e a p p l i c a n t fo r a 
t y p e c e r t i f i c a t e s h o u l d e i t h e r f o r w a r d t o o r 
m a k e a v a i l a b l e for r e v i e w b y t h e A d m i n i s t r a t o r 
s u c h o t h e r d e s c r i p t i v e d a t a , t e s t r e p o r t s , a n d 

89 
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c o m p u t a t i o n s a s a r e n e c e s s a r y t o d e m o n s t r a t e 
t h a t t h e a i r c r a f t c o m p l i e s w i t h t h e s e c r i t e r i a . 
T h i s t e c h n i c a l i n f o r m a t i o n s h o u l d b e f o r w a r d e d 
w i t h i n 3 m o n t h s a f t e r c e r t i f i c a t i o n . 

.05 Inspections and Tests. R e p r e s e n t a t i v e s 
of t h e A d m i n i s t r a t o r s h o u l d h a v e a c c e s s t o t h e 
a i r p l a n e a n d m a y w i t n e s s o r c o n d u c t s u c h i n 
s p e c t i o n s a n d t e s t s a s a r e n e c e s s a r y in c o m p l y 
i n g w i t h t h e s e c r i t e r i a . 

.06 Individual Certification. W h e n a n a p 
p l i c a n t r e q u e s t s c e r t i f i c a t i o n of a i r c r a f t o n a n 
i n d i v i d u a l b a s i s , h e s h o u l d s h o w t h a t t h e a c t u a l 
a i r c r a f t c o n f o r m s t o . o r is c o n s e r v a t i v e %vith 
r e s p e c t t o , t h e m a t e r i a l s , d i m e n s i o n s , a n d o t h e r 
d a t a u s e d in t h e a n a l y t i c o r t e s t r e p o r t s . 

.07 Certification of Series Aircraft. W h e n 
t h e h o l d e r of a t y p e c e r t i f i c a t e r e q u e s t s a i r 
w o r t h i n e s s c e r t i f i c a t i o n of a s e r i e s of a i r c r a f t b y 
c o m p a r i s o n w i t h t h e b a s i c t y p e , h e s h o u l d h a v e 
a v a i l a b l e suff ic ient d r a w i n g s , j i g s , t e m p l a t e s , o r 
s a m p l e p a r t s t o s h o w t h a t t h e se r i e s a i r c r a f t a r e 
e q u i v a l e n t t o o r b e t t e r t h a n t h e o n e o r i g i n a l l y 
t y p e c e r t i f i c a t e d , i n r e s p e c t t o c o m p l i a n c e w i t h 
t h e s e c r i t e r i a . 

.08 Changes. C h a n g e s of t h e t y p e d e s i g n 
p r e v i o u s l y a p p r o v e d b y t h e C A A a r e d i v i d e d 
i n t o t h e f o l l o w i n g c l a s s e s : 

.080 Minor Changes. M i n o r c h a n g e s w h i c h 
o b v i o u s l y d o n o t i m p a i r t h e a i r w o r t h i n e s s of t h e 
a i r c r a f t n e e d n o t b e a p p r o v e d b y t h e C A A . 

. 0 8 1 Visual Basis Changes. C h a n g e s in 
t h i s c l a s s a r e t h o s e for w h i c h t h e a i r w o r t h i n e s s 
m a y b e d e t e r m i n e d b y v i s u a l i n s p e c t i o n b y a 
r e p r e s e n t a t i v e of t h e A d m i n i s t r a t o r a n d n e e d 
n o t b e s u b s t a n t i a t e d b y t h e s u b m i t t a l of t e c h 
n i c a l d a t a . H o w e v e r , a br ie f d e s c r i p t i o n of s u c h 
m o d i f i c a t i o n s s h o u l d b e f o r w a r d e d t o t h e C A A 
for t h e i r r e f e r e n c e file. 

.082 Design Requirement Changes. W h e n 
c h a n g e s o t h e r t h a n t h o s e d e s c r i b e d i n s e c t i o n s 
. 080 a n d .081 a r e m a d e , t h e a l t e r e d a i r c r a f t 
s h o u l d b e s h o w n t o c o m p l y w i t h t h e a p p l i c a b l e 
a i r w o r t h i n e s s r e q u i r e m e n t s . 

. 083 Service Experience Changes. W h e n e x 
p e r i e n c e s h o w s t h a t a n y p a r t i c u l a r p a r t o r 
c h a r a c t e r i s t i c of t h e a i r c r a f t c a u s e s a n u n s a f e 
c o n d i t i o n , t h e A d m i n i s t r a t o r m a y r e q u i r e a p 
p r o p r i a t e c h a n g e s t o c o r r e c t s u c h c o n d i t i o n . 

.09 Definitions. 

.090 General. 

. 0900 Standard Atmosphere. T h e s t a n d a r d 
a t m o s p h e r e s h o u l d b e b a s e d u p o n t h e f o l l o w i n g 
a s s u m p t i o n s : 

(a ) T h e a i r i s a d r y p e r f e c t g a s . 
(b) T h e t e m p e r a t u r e a t s e a level i s 5 9 ° F . 
(c) T h e p r e s s u r e a t s e a l e v e l is 2 9 . 9 2 

i n c h e s H g . 
(d) T h e t e m p e r a t u r e g r a d i e n t f r o m s e a 

l e v e l t o t h e a l t i t u d e a t w h i c h t h e t e m p e r a t u r e 
b e c o m e s - 6 7 ° F . is - 0 . 0 0 3 5 6 6 ° F . p e r f o o t 
a n d z e r o t h e r e a b o v e . 

(e) T h e d e n s i t y pa a t s e a l e v e l u n d e r t h e 
a b o v e c o n d i t i o n s is 0 . 0 0 2 3 7 8 l b s . s ec . J / f t . 4 . 

.0901 Airplane Configuration. T h i s t e r m 
r e f e r s t o t h e p o s i t i o n of t h e v a r i o u s e l e m e n t s 
a f fec t ing t h e a e r o d y n a m i c c h a r a c t e r i s t i c s of 
t h e a i r p l a n e , s u c h a s l a n d i n g g e a r a n d flaps. 

.091 Weighs. 

. 0910 Empty Weight. (See s e c . .111.) 

.0911 Maximum Weight. (See sec . .112 . ) 

.0912 Minimum Weight. (See sec . .113 . ) 

.092 Power. T a k e o f f a n d m a x i m u m c o n 
t i n u o u s p o w e r r a t i n g s a r e t h o s e e s t a b l i s h e d i n 
a c c o r d a n c e w i t h C A R 1 3 . 

.093 Speeds. 

. 0930 V , -—True a i r s p e e d of t h e a i r p l a n e 
r e l a t i v e t o t h e u n d i s t u r b e d a i r . 

I n t h e f o l l o w i n g s y m b o l s h a v i n g s u b s c r i p t s , 
V d e n o t e s : 

(a ) " E q u i v a l e n t " a i r s p e e d for s t r u c t u r a l 
d e s i g n p u r p o s e s e q u a l t o Vt-J p / p 0 . 

(b) " T r u e i n d i c a t e d " o r " c a l i b r a t e d " a i r 
s p e e d for p e r f o r m a n c e a n d o p e r a t i n g p u r p o s e s 
e q u a l t o i n d i c a t o r r e a d i n g c o r r e c t e d fo r p o s i t i o n 
a n d i n s t r u m e n t e r r o r s . 

Reference 
Sections 

.0931 V J 0 — s t a l l i n g s p e e d , i n t h e 
l a n d i n g c o n f i g u r a t i o n .120 (a ) 

.0932 V B 1 — s t a l l i n g s p e e d i n t h e c o n 
figuration spec i f ied for 
p a r t i c u l a r c o n d i t i o n s . .120 (b) 

. 0933 V ( c — f l a p s e x t e n d e d s p e e d .6102 

.0934 V m - — d e s i g n m a n e u v e r i n g 
s p e e d .2100 

.0935 V a — d e s i g n d i v e s p e e d .2100 

.0936 V n e — n e v e r e x c e e d s p e e d .6100 
.094 Structural Terms. 
.0940 Structure. T h o s e p o r t i o n s of t h e a i r 

p l a n e t h e f a i l u r e of w h i c h w o u l d s e r i o u s l y e n 
d a n g e r t h e s a f e t y of t h e a i r p l a n e . 
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.0941 Design Wing Area, S. T h e a r e a e n 
c lo sed b y t h e w i n g o u t l i n e d ( i n c l u d i n g a i l e r o n s 
a n d f l aps in t h e r e t r a c t e d p o s i t i o n , b u t i g n o r i n g 
f i l le ts a n d f a i r i n g s ) o n a s u r f a c e c o n t a i n i n g t h e 
w i n g c h o r d s . T h e o u t l i n e i s a s s u m e d t o e x 
t e n d t h r o u g h t h e n a c e l l e s a n d f u s e l a g e t o t h e 
c e n t e r l i n e of s y m m e t r y . 

.0942 Design Wing Loading, W/S. T h e 
m a x i m u m w e i g h t of t h e a i r p l a n e d i v i d e d b y 
t h e d e s i g n w i n g a r e a . 

.0943 Limit Load. T h e m a x i m u m l o a d a n 
t i c i p a t e d in s e r v i c e . 

.0944 Ultimate Load. T h e m a x i m u m l o a d 
w h i c h a p a r t of s t r u c t u r e s h o u l d b e c a p a b l e of 
s u p p o r t i n g . 

.0945 Factor of Safety. T h e f a c t o r b y w h i c h 
t h e l i m i t l o a d s h o u l d b e m u l t i p l i e d t o e s t a b l i s h 
t h e u l t i m a t e l o a d . 

.0946 Load Fa-ctor or Acceleration Factor, rj. 
T h e r a t i o of t h e force a c t i n g o n a m a s s t o t h e 
w e i g h t of t h e m a s s . W h e n t h e fo rce in q u e s t i o n 
r e p r e s e n t s t h e n e t e x t e r n a l l o a d a c t i n g o n t h e 
a i r p l a n e in a g i v e n d i r e c t i o n , ij r e p r e s e n t s t h e 
a c c e l e r a t i o n i n t h a t d i r e c t i o n in t e r m s of t h e 
g r a v i t a t i o n a l c o n s t a n t . 

.0947 Limit Load Factor. T h e l o a d f a c t o r 
c o r r e s p o n d i n g t o l i m i t l o a d . 

.0948 Ultimate Load Factor. T h e l o a d f a c 
t o r c o r r e s p o n d i n g t o u l t i m a t e l o a d . 

.095 Fire Protection. 

.0950 Fireproof. " F i r e p r o o f " m a t e r i a l 
m e a n s a m a t e r i a l w h i c h wi l l w i t h s t a n d h e a t 
e q u a l l y we l l o r b e t t e r t h a n s t e e l i n d i m e n s i o n s 
a p p r o p r i a t e for t h e p u r p o s e for w h i c h it i s t o b e 
u s e d . W h e n a p p l i e d t o m a t e r i a l a n d p a r t s 
u s e d t o con f ine f i res in d e s i g n a t e d fire z o n e s 
" f i r e p r o o f " m e a n s t h a t t h e m a t e r i a l o r p a r t wi l l 
p e r f o r m t h i s f u n c t i o n u n d e r t h e m o s t s e v e r e 
c o n d i t i o n s of fire a n d d u r a t i o n l i k e l y t o o c c u r in 
s u c h z o n e s . 

.0951 Fire-Resistant. W h e n a p p l i e d t o s h e e t 
o r s t r u c t u r a l m e m b e r s , " f i r e - r e s i s t a n t " m a t e r i a l 
m e a n s a m a t e r i a l w h i c h wi l l w i t h s t a n d h e a t 
e q u a l l y we l l o r b e t t e r t h a n a l u m i n u m a l l o y i n 
d i m e n s i o n s a p p r o p r i a t e for t h e p u r p o s e for 
w h i c h i t i s t o b e u s e d . W h e n a p p l i e d t o f lu id -
c a r r y i n g l i n e s , t h i s t e r m r e f e r s t o a l i n e - a n d -
fitting a s s e m b l y w h i c h wi l l p e r f o r m i t s i n t e n d e d 
p r o t e c t i v e f u n c t i o n s u n d e r t h e h e a t a n d o t h e r 
c o n d i t i o n s l i k e l y t o o c c u r a t t h e p a r t i c u l a r 
l o c a t i o n . 

.0952 Flame-Resistant. " F l a m e - r e s i s t a n t " 
m a t e r i a l m e a n s m a t e r i a l w h i c h will n o t s u p p o r t 
c o m b u s t i o n t o t h e p o i n t of p r o p a g a t i n g , b e y o n d 
sa fe l i m i t s , a f l a m e a f t e r r e m o v a l of t h e i g n i t i o n 
s o u r c e . 

.0953 Flash-Resistant. " F l a s h - r e s i s t a n t " 
m a t e r i a l m e a n s m a t e r i a l w h i c h will n o t b u r n 
v i o l e n t l y w h e n i g n i t e d . 

.0954 Flammable. " F l a m m a b l e " fluids o r 
g a s e s m e a n t h o s e w h i c h will i g n i t e r e a d i l y o r 
e x p l o d e . 

.096 Approved. A p p r o v e d , w h e n u s e d a l o n e 
o r a s a m o d i f y i n g t e r m ( s u c h a s a p p r o v e d 
m e t h o d s , d e v i c e s , s p e c i f i c a t i o n s , m a t e r i a l s , e t c . ) 
m e a n s a p p r o v e d b y t h e A d m i n i s t r a t o r . 

.1 Flight 

.10 Procedure. F l i g h t t e s t s s h o u l d b e m a d e 
t o d e m o n s t r a t e t h e e x i s t e n c e of s a t i s f a c t o r y 
flight a n d g r o u n d h a n d l i n g c h a r a c t e r i s t i c s . A s 
a m i n i m u m m e a s u r e of a i r w o r t h i n e s s , c o m 
p l i a n c e w i t h t h e s t a n d a r d s spec i f i ed in t h i s 
s e c t i o n s h o u l d b e s h o w n a t t h e c r i t i c a l c o m 
b i n a t i o n of w e i g h t a n d c e n t e r of g r a v i t y w i t h i n 
t h e r a n g e of e i t h e r for w h i c h c e r t i f i c a t i o n is 
d e s i r e d . 

.11 Weight and Balance. T h e r e s h o u l d b e 
e s t a b l i s h e d , a s p a r t of t h e t y p e i n s p e c t i o n , 
r a n g e s of w e i g h t a n d c e n t e r of g r a v i t y w i t h i n 
w h i c h t h e a i r p l a n e c a n b e s a f e l y o p e r a t e d . 
W h e r e c o m p a r a t i v e l y l a r g e v e r t i c a l m o v e m e n t 
of t h e c e n t e r of g r a v i t y is a l l o w e d , c o n s i d e r a 
t i o n s h o u l d b e g i v e n t o d e t e r m i n i n g t h e effect 
on t h e flight c h a r a c t e r i s t i c s . 

.110 Empty Weight. T h e e m p t y w e i g h t a n d 
c o r r e s p o n d i n g c e n t e r of g r a v i t y l o c a t i o n s h o u l d 
i n c l u d e a l l f ixed b a l l a s t , u n d r a i n a b l e oi l , full 
e n g i n e c o o l a n t , a n d h y d r a u l i c f lu id . 

.111 Maximum Weight. T h e m a x i m u m 
w e i g h t s h o u l d n o t e x c e e d a n y of t h e f o l l o w i n g : 

(a) t h e w e i g h t s e l e c t e d b y t h e a p p l i c a n t , 
(b) t h e d e s i g n w e i g h t for w h i c h t h e s t r u c 

t u r e h a s b e e n p r o v e n , 
(c) t h e m a x i m u m w e i g h t a t w h i c h c o m p l i 

a n c e w i t h t h e flight s t a n d a r d s is d e m o n s t r a t e d . 
.112 Minimum Weight. T h e m i n i m u m 

w e i g h t s h o u l d n o t exceed t h e s u m of t h e 
f o l l o w i n g : 

(a) t h e e m p t y w e i g h t 
(b) t h e m i n i m u m c a r g o (170 p o u n d s i n 

e a c h s e a t ) 
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(c) 1 g a l l o n of fuel for e v e r y 12 m a x i m u m 
c o n t i n u o u s h o r s e p o w e r for w h i c h t h e a i r p l a n e 
is c e r t i f i c a t e d . 

(d) e i t h e r 1 g a l l o n of oil for e a c h 25 g a l l o n s 
of fuel speci f ied in (c) o r 1 g a l l o n of oil for 
e a c h 75 m a x i m u m c o n t i n u o u s h o r s e p o w e r for 
w h i c h t h e a i r p l a n e is c e r t i f i c a t e d , w h i c h e v e r is 
g r e a t e r . 

.12 Performance. 

.120 Stalling Speeds. T h e fo l l owing s h o u l d 
b e d e t e r m i n e d u s i n g t h e p r o c e d u r e o u t l i n e d 
in .1330 ( e ) : 

(a) Y s „ — t h e s t a l l i n g s p e e d o r t h e m i n i m u m 
s t e a d y flight s p e e d w i t h — 

(1) e n g i n e i d l i n g , t h r o t t l e 
c losed (or n o t m o r e t h a n 
sufficient p o w e r for z e r o 
t h r u s t ) , 

(2) p r o p e l l e r in p o s i t i o n n o r 
m a l l y u s e d for takeoff , 

(3) l a n d i n g g e a r e x t e n d e d , 
(4) w i n g f laps in t h e l a n d i n g 

p o s i t i o n , 
(5) c o w l flaps c losed , 
(6) c e n t e r of g r a v i t y in t h e 

m o s t u n f a v o r a b l e p o s i 
t i o n w i t h i n a l l o w a b l e 
l a n d i n g r a n g e , 

(7) m a x i m u m w e i g h t . 
(b ) V n t — t h e s t a l l i n g , o r t h e m i n i m u m 

s t e a d y flight s p e e d w i t h : 
(1) e n g i n e i d l i n g , t h r o t t l e 

c l o s e d (or n o t m o r e t h a n 
suff ic ient p o w e r for z e r o 
t h r u s t ) , 

(2) p r o p e l l e r in p o s i t i o n n o r 
m a l l y u s e d for takeoff , 
t h e a i r p l a n e in a i l o t h e r 
r e s p e c t s ( f laps , l a n d i n g 
g e a r , e t c . ) , in t h e p a r t i c u 
l a r c o n d i t i o n e x i s t i n g i n 
t h a t p a r t i c u l a r t e s t in 
c o n n e c t i o n w i t h w h i c h 
Vbj is b e i n g u s e d , 

(3) M a x i m u m w e i g h t . 
.121 Stalling Speed Limit. T h e s t a l l i n g 

s p e e d a t m a x i m u m w e i g h t in t h e c o n f i g u r a t i o n 
u s e d d u r i n g n o r m a l o p e r a t i o n s s h o u l d n o t 
e x c e e d 70 m . p . h . 

Recommendation.—Studies of fo rced l a n d i n g s 
s h o w t h a t , al l o t h e r t h i n g s b e i n g e q u a l , t h e 

f a t a l i t y r a t e is p r o p o r t i o n a l t o t h e s t a l l s p e e d , 
i. e. , a s t h e s t a l l s p e e d i n c r e a s e s , t h e n u m b e r of 
f a t a l i t i e s p e r a c c i d e n t i n c r e a s e s . T h e r e c o r d 
i n d i c a t e s t h a t f a t a l i t y r a t e i n c r e a s e s r a p i d l y 
a b o v e a p p r o x i m a t e l y 55 m . p . h . T h e r e f o r e , 
i t is s t r o n g l y r e c o m m e n d e d t h a t t h e s t a l l s p e e d 
n o t e x c e e d 55 m . p . h . in t h e l a n d i n g c o n f i g u r a 
t i o n a t m a x i m u m w e i g h t . 

.122 Normal Climb. T h e s t e a d y r a t e of 
c l i m b u n d e r s e a l eve l s t a n d a r d c o n d i t i o n s s h o u l d 
b e a t l e a s t 8 V B l o r 300 f e e t p e r m i n u t e , w h i c h 
e v e r is g r e a t e r , w i t h — 

(a) m a x i m u m w e i g h t , 
( b ) n o t m o r e t h a n m a x i m u m c o n t i n u o u s 

p o w e r , 
(c) l a n d i n g g e a r fu l ly r e t r a c t e d , 
( d ) w i n g flaps in t h e p o s i t i o n s e l e c t e d b y 

t h e a p p l i c a n t for t h e i n t e n d e d o p e r 
a t i o n . 

.13 Flight Characteristics. 

.130 Controllability. 

.1300 General. T h e a i r p l a n e s h o u l d b e s a t 
i s f a c t o r i l y c o n t r o l l a b l e a n d m a n e u v e r a b l e d u r 
i n g m a n e u v e r s a p p r o p r i a t e t o t h e i n t e n d e d 
o p e r a t i o n i n c l u d i n g takeoff , c l i m b , l e v e l flight, 
d i v e , a n d l a n d i n g , w i t h o r w i t h o u t p o w e r . I t 
s h o u l d b e p o s s i b l e t o m a k e a s m o o t h t r a n s i t i o n 
f rom o n e flight c o n d i t i o n t o a n o t h e r , i n c l u d i n g 
t u r n s a n d s l i p s , w i t h o u t r e q u i r i n g a n e x c e p t i o n a l 
d e g r e e of sk i l l , a l e r t n e s s , o r s t r e n g t h o n t h e p a r t 
of t h e p i l o t , a n d w i t h o u t d a n g e r of e x c e e d i n g 
t h e l i m i t l o a d f a c t o r u n d e r al l c o n d i t i o n s of 
o p e r a t i o n p r o b a b l e for t h e t y p e . 

Recommendation.—In c a s e s w h e r e t h e c o n t r o l 
fo rces a r e c o n s i d e r e d m a r g i n a l l y h i g h t h e 
f o l l o w i n g l i m i t s a r e r e c o m m e n d e d : 

Type Pitch Roll Yaw 
(a) For temporary ap- I Stick 60 30 150 

plication. | Wheel 75 60 150 
(b) For prolonged ap- 10 5 20 

plication. 

.1301 Longitudinal Control. 
(a ) I t s h o u l d b e p o s s i b l e a t a l l s p e e d s b e l o w 

1.3 Vs, t o p i t c h t h e n o s e d o w n w a r d so t h a t t h e 
r a t e of i n c r e a s e in a i r s p e e d is s a t i s f a c t o r y fo r 
p r o m p t a c c e l e r a t i o n t o 1.3 Vs, w i t h — 

(1) m a x i m u m c o n t i n u o u s p o w e r , t h e a i r 
p l a n e t r i m m e d a t 1.3 V ^ , 

(2) p o w e r off, t h e a i r p l a n e t r i m m e d a t 
1.4 V.„ 
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(3) wing flaps and landing gear both ex
tended and retracted. 

(b) Demonstrations should be made to show 
that all reasonable changes in flap position and 
power can be made suddenly at any appropriate 
airspeed without requiring a change in trim 
control setting or the exertion of more control 
force than can be applied readily with one hand 
for a short period of time. 

.131 Trim. The means used for trimming 
the airplane should be such that, after being 
trimmed, and without further pressure upon or 
movement of either the primary control or its 
corresponding trim control by the pilot, the 
airplane will maintain— 

(a) lateral and directional trim in level 
flight at the normal operating speed with the 
landing gear and flaps retracted, 

(b) longitudinal trim during level flight 
at any speed from 1.3 V», to 1.8 Vej, with land
ing gear retracted and with wing flaps in the 
position selected by the applicant for the in
tended operation. 

.132 Stability. The airplane should be. lon
gitudinally, directionally, and laterally stable 
in accordance with the following sections. 
Suitable stability and control "feel" (static 
stability) should be required in other conditions 
normally encountered in service, if flight tests 
show such stability to be necessary for safe 
operation. 

.1320 Static Longitudinal Stability in Climb. 
(a) From 1.2 V», to 1.6 V 8 l the slope of the 

stick force curve should be stable and such that 
any substantial change in speed is clearly per
ceptible to the pilot through a resulting change 
in stick force with— 

(1) wing flaps retracted, 
(2) landing gear retracted, 
(3) maximum weight, 
(4) maximum continuous power, 
(5) the airplane trimmed at 1.4 VV 

(b) The friction within the control system 
should be such that the airspeed will return 
to within 10 percent of the original trim speed 
when the control force is slowly released from 
any speed from 1.2 V», to 1.6 W 

.1321 Static Directional and Lateral Stability. 
(a) The static directional stability, as shown 

by the tendency to recover from a skid with 
rudder free, should be positive for all flap 

positions and power conditions, and for all 
speeds from 1.2 VBs up to the maximum per
missible speed. 

(b) The static lateral stability as shown by 
the tendency to raise the low wing in a sideslip, 
for all flap positions and power conditions, 
should— 

(1) be positive at the maximum permis
sible speed, 

(2) not be negative at a speed equal to 
1.2 v V 

(c) In straight steady sideslips, the aileron 
and rudder control movements and forces 
should increase steadily, but not necessarily 
in constant proportion, with increase in angle 
of sideslip. Rudder pedal forces should not 
reverse at any obtainable combination of side
slip and rudder angle. 

(d) Sufficient bank should accompany side
slipping to indicate adequately any departure 
from steady unyawed flight. 

.1322 Dynamic Stability. Any short period 
oscillation about any of the three primary 
axes occurring between stalling speed and 
maximum permissible speed should be heavily 
damped with the primary controls (a) free, 
and (b) in a fixed position. 

.133 Stalling. 

. 1330 Level Flight Stalls. 
(a) Stalls should be demonstrated under two 

conditions : 
(1) with power off, 
(2) with maximum continuous power. 

(b) In either condition it should be possible, 
with flaps and landing gear in any position, 
with center of gravity in the position least 
favorable for recovery, and with appropriate 
airplane weights, to produce and to correct 
roll by unreversed use of the rolling control 
and to produce and to correct yaw by unre
versed use of the directional control, during the 
maneuver described in (e), up to the time when 
the airplane pitches. 

(c) A clear and distinctive stall warning 
should be unmistakably apparent to the pilot 
at a speed of 5 m. p. h. but not more than 10 
m. p. h. above the stalling speed with flaps and 
landing gear in any position, both in straight 
and turning flight. 

(d) During the recovery portion of the ma
neuver it should be possible to prevent more 
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than 15° roll or yaw by the normal use of the 
controls, and any loss of altitude in excess of 
100 feet or any pitch in excess of 3 0 ° below-
level should be indicated on a placard in the 
cockpit and in clear view of the pilot, 

(e) In demonstrating these qualities, the 
order of events should be— 

(1) with trim controls adjusted for straight 
flight at a speed of approximately 1.4 V 8 ; , reduce 
speed by means of the elevator control until the 
speed is steady at slightly above stalling speed, 
then 

(2) pull elevator control back at a rate 
such that the airplane speed reduction does not 
exceed \ mile per hour per second until a stall is 
produced as evidenced by an uncontrollable 
downward pitching motion of the airplane, or 
until the control reaches the stop. Normal use 
of the elevator control for recovery may be 
made after such pitching motion is unmistak
ably developed. 

.1331 Turning Flight Stalls. When stalled 
during a coordinated 3 0 ° banked turn with 75 
percent maximum continuous power, flaps and 
landing gear retracted, it should be possible to 
recover to normal level flight without encoun
tering excessive loss of altitude, uncontrollable 
rolling characteristics, or uncontrollable spin
ning tendencies. These qualities should be 
demonstrated by performing the following 
maneuvers: 

With the airplane in a coordinated 3 0 ° banked 
turn in level flight, the airspeed should be de
creased by steadily and progressively tightening 
the turn with the elevator control until the air
plane is stalled or until the elevator has reached 
its stop. When the stall has fully developed, 
recovery- to level flight should be made with 
normal use of the controls. 

Recommendation.—For aircraft designed for 
low speed flight, such as dusting, it is strongly 
recommended that the airplane be made as 
stailproof and spinproof as practicable. 

.14 Ground Characteristics. 

. 1 4 0 Longitudinal Stability and Control. 
There should be no uncontrollable tendency to 
nose over in any operating condition reasonably 
expected for the type, or when rebound occurs 
during landing or takeoff. Wheel brakes should 
operate smoothly and should exhibit no undue 
tendency to induce nosing over. 

.141 Directional Stability and Control, (a) 
There should be no uncontrollable looping tend
ency in 9 0 ° crosswinds up to a velocity equal to 
0.2 V„ at any speed at which the aircraft may 
be expected to be operated upon the ground. 

(b) The airplane should be demonstrated to 
be satisfactorily controllable without excep
tional degree of skili or alertness on the part of 
the pilot in power-off landings at normal land
ing speed and during which brakes or engine 
power are not used to maintain a straight path. 

(c) Means should be provided for adequate 
directional control during taxiing. 

.142 Shock Absorption. The shock absorb
ing mechanism should not produce damage to 
the structure when the airplane is taxied on the 
roughest ground which it is reasonable to expect 
the airplane to encounter in normal operation. 

. 15 Flutter and Vibration. All parts of the 
airplane should be demonstrated to be free from 
flutter and excessive vibration under all speed 
and power conditions appropriate to the opera
tion of the airplane up to at least the minimum 
value permitted for Va flight in . 2100 . There 
should also be no buffeting condition in any 
normal flight condition severe enough to inter
fere with the satisfactory control of the air
plane, or result in structural damage. How
ever, buffeting as stall warning, is considered 
desirable and discouragement of this type of 
buffeting is not intended. 

.2 Strength Criteria 
.20 General. 
.200 l^oads. The strength criteria of the 

following sections are specified in terms of 
limit and ultimate loads. Limit loads are the 
maximum loads anticipated in service. Ulti
mate loads are equal to the limit loads multiplied 
by the factor of safety. 

.2000 Applicability oj Loads. The air and 
ground loads specified in sections .21 and .22 
are considered to be adequate for design of a 
conventional type aircraft suitable for agricul
tural and similar special purposes and may be 
used without further substantiation. For un
conventional type aircraft for which little ex
perience is available or for which it is evident 
that, the loadings specified in the following 
sections are either unconservative or inappli
cable, the applicant should propose suitable 
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l o a d i n g c r i t e r i a for a p p r o v a l o r c o m m e n t b y 
C A A . T h e t e r m u n c o n v e n t i o n a l a s u s e d a b o v e 
r e f e r s t o t h e b a s i c d e s i g n a n d A e r o d y n a m i c 
c h a r a c t e r i s t i c s of t h e a i r p l a n e as a w h o l e a n d / o r 
i t s m a j o r c o m p o n e n t s a n d fo r w h i c h c o n s i d e r 
a b l e e x p e r i e n c e a n d r e l i a b l e t e s t d a t a a r e 
a l r e a d y a v a i l a b l e . 

.201 Factor of Safety. T h e f a c t o r of s a f e t y 
s h o u l d b e 1.5 u n l e s s o t h e r w i s e spec i f ied . 

. 202 Strength and Deformations. T h e s t r u c 
t u r e s h o u l d b e c a p a b l e of s u p p o r t i n g l i m i t l o a d s 
w i t h o u t su f f e r ing d e t r i m e n t a l p e r m a n e n t d e 
f o r m a t i o n s . A t al l l o a d s u p t o l i m i t l o a d s t h e 
d e f o r m a t i o n s h o u l d b e s u c h a s n o t t o i n t e r f e r e 
w i t h t h e safe o p e r a t i o n of t h e a i r p l a n e . T h e 
s t r u c t u r e s h o u l d b e c a p a b l e of s u p p o r t i n g u l t i 
m a t e l o a d s w i t h o u t fa i lu re for a t l eas t 3 s e c o n d s , 
e x c e p t t h a t w h e n p roof of s t r e n g t h is d e m o n 
s t r a t e d b y d y n a m i c t e s t s s i m u l a t i n g a c t u a l 
c o n d i t i o n s of l o a d a p p l i c a t i o n , t h e 3 - s e c o n d 
l i m i t d o e s n o t a p p l y . 

.203 Proof of Structure. S t r u c t u r a l a n a l y s i s 
m a y b e u s e d for p roo f of c o m p l i a n c e w i t h t h e s e 
c r i t e r i a p r o v i d e d t h e s t r u c t u r e c o n f o r m s t o 
t y p e s for w h i c h e x p e r i e n c e h a s s h o w n s u c h 
m e t h o d s t o b e r e l i a b l e . S t r u c t u r a l s t a t i c t e s t s 
o r d y n a m i c t e s t s , i n c l u d i n g flight t e s t s , m a y 
a l so b e u s e d t o d e m o n s t r a t e c o m p l i a n c e w i t h 
t h e s e c r i t e r i a . I f d e s i r e d , c o m b i n a t i o n s of 
s t r u c t u r a l t e s t s , f l ight t e s t s , a n d a n a l y s e s m a y 
b e e m p l o y e d . If s t a t i c t e s t s a r e u s e d for p roo f 
of c o m p l i a n c e , t h e s e t e s t s s h o u l d b e c a r r i e d t o 
u l t i m a t e l o a d u n l e s s s u p p l e m e n t e d b y a n a l y s e s . 
N o m a t e r i a l c o r r e c t i o n f a c t o r n e e d b e a p p l i e d 
in c a s e s of t e s t s of s t r u c t u r a l c o m p o n e n t s . I f 
d y n a m i c t e s t s , i n c l u d i n g flight t e s t s , a r e u s e d 
for d e m o n s t r a t i o n of c o m p l i a n c e , t h e y n e e d 
o n l y b e c a r r i e d t o 1.15 t i m e s l i m i t l o a d a n d 
n e e d n o t b e s u p p l e m e n t e d b y a n a l y s e s . I n t h e 
e v e n t t h a t d y n a m i c t e s t s , i n c l u d i n g flight t e s t s 
a r e e m p l o y e d , t h e a i r c r a f t u s e d for t h e t e s t s 
s h o u l d b e i n s t r u m e n t e d suf f i c ien t ly t o s h o w 
t h a t t h e d e s i g n c o n d i t i o n s h a v e b e e n m e t . I n 
a l l c a s e s c e r t a i n p o r t i o n s of t h e s t r u c t u r e s h o u l d 
b e s u b j e c t e d t o t e s t s a s d e s c r i b e d in s e c t i o n .216 . 

.21 Flight Loads. 

.210 Ceneral. T h e flight l o a d s spec i f ied 
m a y b e c o n s i d e r e d t o b e i n d e p e n d e n t of 
a l t i t u d e a n d o n l y t h e m a x i m u m d e s i g n w e i g h t 
c o n d i t i o n n e e d b e i n v e s t i g a t e d . I f l o a d i n g 
c o n d i t i o n s o t h e r t h a n t h o s e spec i f ied a r e u s e d , 

i t s h o u l d b e s h o w n t h a t t h e l eve l of s a f e t y 
spec i f i ed wil l b e m e t a t a l l c r i t i c a l w e i g h t s 
b e t w e e n t h e m i n i m u m d e s i g n w e i g h t a n d t h e 
m a x i m u m d e s i g n w e i g h t w i t h a n y p r a c t i c a b l e 
d i s t r i b u t i o n of d i s p o s a b l e l o a d w i t h i n e x p e c t e d 
o p e r a t i n g l i m i t s . T h e l o a d s a n d l o a d i n g c o n d i 
t i o n s spec i f ied i n t h e f o l l o w i n g s e c t i o n s a r e t h e 
m i n i m u m for w h i c h s t r e n g t h s h o u l d b e p r o v i d e d 
in t h e s t r u c t u r e . T h e s e l o a d s a n d l o a d i n g 
c o n d i t i o n s will g e n e r a l l y c o v e r l o a d s i n c i d e n t 
t o flight, b u t wil l n o t n e c e s s a r i l y c o v e r s u c h 
l o a d s a s g r o u n d h a n d l i n g l o a d s . 

.2100 Design Airspeeds. D e s i g n a i r s p e e d s 
i n c l u d e V m ( de s ign m a n e u v e r i n g s p e e d ) a n d V d 

( d e s i g n d i v i n g s p e e d ) . T h e s e s p e e d s m a y b e 
s e l e c t e d b y t h e a i r c r a f t d e s i g n e r , e x c e p t a s 
f o l l o w s : ( a ) T h e s e l e c t e d d e s i g n d i v i n g s p e e d 
n e e d n o t b e m o r e t h a n 1.50 V m , b u t s h o u l d n o t 
b e l e s s t h a n 1.40 t i m e s V m ; (b) t h e d e s i g n 
m a n e u v e r i n g s p e e d s h o u l d b e a t l e a s t e q u a l 
t o t h e s p e e d o b t a i n e d f r o m F i g u r e . 2 1 0 0 f o r 
t h e m a x i m u m w i n g l o a d i n g W / S of t h e d e s i g n . 
( H o w e v e r , V,n n e e d n o t e x c e e d 0.9 V„.) 

.2101 Load Factors. T h e l o a d f a c t o r s s p e c i 
fied i n t h e f o l l o w i n g p a r a g r a p h s r e p r e s e n t l o a d 
f a c t o r s a c t i n g p e r p e n d i c u l a r o r p a r a l l e l a s t h e 
ca se m a y b e t o t h e a s s u m e d l o n g i t u d i n a l a x i s 
of t h e a i r p l a n e . T o o b t a i n l o a d s f r o m t h e l o a d 
f a c t o r s spec i f ied , m u l t i p l y t h e w e i g l i t i n p o u n d s 
of t h e s u p p o r t e d o b j e c t b y t h e l o a d f a c t o r . 

.211 Flight Load Factors. T h e s t r e n g t h a n d 
d e f o r m a t i o n c r i t e r i a of s e c t i o n .202 s h o u l d b e 
m e t for t h e a i r p l a n e a s a w h o l e a n d t h e s u p p o r t s 
for d e a d w e i g h t i t e m s i n t h e a i r p l a n e a t a l i m i t 
p o s i t i v e v e r t i c a l f l igh t l o a d f a c t o r of 4 .2 a n d a 
l i m i t n e g a t i v e v e r t i c a l f l igh t l o a d f a c t o r of 1.0. 
( H o w e v e r , t h e l i m i t p o s i t i v e v e r t i c a l l o a d f a c t o r 
n e e d n o t e x c e e d t h e m a x i m u m l o a d f a c t o r 
o b t a i n a b l e a t V a . ) 

.212 Wing and Wing Supporting Structure 
Design Conditions. T h e p r i m a r y w i n g s t r u c t u r e 
a n d t h e s t r u c t u r e a f f e c t e d d i r e c t l y b y w i n g l o a d s 
s h o u l d m e e t t h e c r i t e r i a of s e c t i o n .202 u s i n g t h e 
a p p l i e d l o a d s spec i f ied i n s e c t i o n s . 2120 t h r o u g h 
.2124 . T h e w i n g m a y b e a s s u m e d a s a free b o d y 
a n d t h e w i n g l o a d s b a l a n c e d b y r e a c t i o n s a t t h e 
w i n g t o f u s e l a g e a t t a c h p o i n t s . A l t h o u g h n o 
specif ic u n s y m m e t r i e a l l o a d i n g is spec i f i ed , t h e 
w i n g s t r u c t u r e s h o u l d a l so b e c a p a b l e of s u s t a i n 
i n g u n s y m m e t r i e a l l o a d s . S e e s e c t i o n . 2 1 3 4 for 
d e s i g n l o a d s o n d e a d w e i g h t i t e m s a n d t h e i r 
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s u p p o r t s . F o r b i p l a n e t y p e a i r p l a n e s , t h e d i s 
t r i b u t i o n of l o a d i n g b e t w e e n t h e u p p e r a n d 
l o w e r w i n g s of t h e ce l lu le m a y b e f o u n d f r o m 
F i g u r e .212a . F i g u r e . 2 1 2 b i l l u s t r a t e s t h e w i n g 
l o a d i n g c o n d i t i o n s of s e c t i o n s . 2 1 2 0 , . 2 1 2 1 , a n d 
.2122 . 

.2120 Positive High Angle of Attack Con
dition. A l i m i t l o a d i n g p e r s q u a r e foot of w i n g 
a r e a , w i t h u p w a r d a n d f o r w a r d a c t i n g c o m 
p o n e n t s , s h o u l d b e u n i f o r m l y d i s t r i b u t e d o v e r 
t h e w i n g s p a n . T h e u p w a r d a c t i n g c o m p o n e n t 
s h o u l d b e e q u a l t o t h e m a x i m u m v a l u e of W / S 
m u l t i p l i e d b y t h e p o s i t i v e f l ight l o a d f a c t o r of 
s e c t i o n . 2 1 1 a n d s h o u l d ac t p e r p e n d i c u l a r t o 
t h e b a s i c w i n g c h o r d p l a n e . T h e f o r w a r d a c t i n g 
c o m p o n e n t s h o u l d b e 3 0 p e r c e n t of t h e p e r 
p e n d i c u l a r l o a d i n g a n d s h o u l d a c t p a r a l l e l 
t o t h e b a s i c w i n g c h o r d p l a n e . T h e c h o r d w i s e 
c e n t e r of p r e s s u r e fo r t h i s l o a d i n g s h o u l d b e a t 
2 0 p e r c e n t of t h e w i n g c h o r d . ( F o r c o n v e n i e n c e 
w i n g a p p l i e d l o a d s in p o u n d s p e r s q u a r e foot 
a r e g i v e n i n F i g u r e . 2120 in t e r m s of W / S 
a n d l o a d f a c t o r . ) 

. 2 1 2 1 Positive Low Angle of Attack Con
dition. A l i m i t l o a d i n g p e r s q u a r e foo t of w i n g 
a r e a , w i t h a n u p w a r d a c t i n g c o m p o n e n t , 
s h o u l d b e u n i f o r m l y d i s t r i b u t e d o v e r t h e w i n g 
s p a n . T h i s c o m p o n e n t s h o u l d b e e q u a l t o t h e 
m a x i m u m v a l u e of W / S m u l t i p l i e d b y t h e 
p o s i t i v e f l ight l o a d f a c t o r of s e c t i o n .211 a n d 
s h o u l d a c t p e r p e n d i c u l a r t o t h e b a s i c w i n g c h o r d 
p l a n e a t 6 0 p e r c e n t of t h e w i n g c h o r d . A l 
t h o u g h n o af t a c t i n g c h o r d w i s e l o a d i n g is 
spec i f i ed , t h e s t r u c t u r e s h o u l d b e c a p a b l e of 
s u s t a i n i n g a f t a c t i n g c h o r d w i s e l o a d s . 

. 2122 Negative Low Angle of Attack Condi
tion. S t r e n g t h s h o u l d b e p r o v i d e d for d o w n 
w a r d l i m i t l o a d i n g u n i f o r m l y d i s t r i b u t e d o v e r 
t h e w i n g s p a n e q u a l t o t h e m a x i m u m w i n g l o a d 
i n g , W / S , m u l t i p l i e d b y t h e n e g a t i v e flight l o a d 
f a c t o r spec i f ied in s e c t i o n . 2 1 1 . T h e c h o r d w i s e 
c e n t e r of p r e s s u r e of t h i s w i n g l o a d i n g s h o u l d 
b e a t 4 0 p e r c e n t of t h e w i n g c h o r d . 

. 2 1 2 3 Leading Edge Loadings. T h e p o r t i o n 
of t h e w i n g s t r u c t u r e f o r w a r d of t h e f r o n t s p a r 
o r f o r w a r d of t h e 20 p e r c e n t w i n g c h o r d p o i n t , 
if n o f ron t s p a r is p r o v i d e d , s h o u l d m e e t t h e 
s t r e n g t h c r i t e r i a of s e c t i o n .202 u s i n g t h e 
l o a d i n g spec i f ied in F i g u r e . 2 1 2 3 u n i f o r m l y 
d i s t r i b u t e d o v e r t h e w i n g s p a n a n d a p p l i e d 
s e p a r a t e l y in b o t h t h e u p a n d d o w n d i r e c t i o n . 

. 2124 Wing Loads in Landing. W h e n t h e 
m a i n l a n d i n g g e a r is s u p p o r t e d in t h e w i n g , 
t h e p r i m a r y w i n g s t r u c t u r e s h o u l d b e d e s i g n e d 
for t h e f o l l o w i n g a p p l i e d l o a d s : 

(a) T h e l o a d s f r o m T a b l e . 2 2 3 0 if t h e 
a i r p l a n e h a s a t a i l w h e e l t y p e l a n d i n g g e a r , 
o r 

( b ) T h e l o a d s f r o m T a b l e . 2 2 3 2 , c o l u m n s 2 , 
3 , a n d 4 , if it h a s a n o s e w h e e l t y p e g e a r . 

T h e m a i n w h e e l v e r t i c a l a n d h o r i z o n t a l l o a d s 
m a y b e a s s u m e d t o b e b a l a n c e d b y c o n c e n t r a t e d 
l o a d s a t t h e w i n g t o f u s e l a g e a t t a c h p o i n t s . 
T h i s c o n d i t i o n wil l b e c r i t i c a l o n l y fo r t h e w i n g 
s t r u c t u r e b e t w e e n t h e l a n d i n g g e a r t o w i n g 
a t t a c h p o i n t s o n o p p o s i t e s i d e s of t h e a i r p l a n e . 

. 213 Fuselage Design Conditions. T h e p r i 
m a r y f u s e l a g e s t r u c t u r e a n d t h e s u p p o r t i n g 
s t r u c t u r e for d e a d w e i g h t i t e m s l o c a t e d in t h e 
f u s e l a g e s h o u l d m e e t t h e c r i t e r i a of s e c t i o n 
.202 u n d e r t h e a p p l i e d l o a d s spec i f ied in s e c t i o n 
. 2 1 3 0 t h r o u g h .2134 . T h e loca l s u p p o r t i n g 
s t r u c t u r e f o r t h e e m p e n a g e , t h e c o n t r o l s y s t e m , 
t h e e n g i n e , a n d t h e l a n d i n g g e a r (if i n s t a l l e d 
o n t h e f u s e l a g e ) , s h o u l d b e d e s i g n e d fo r t h e 
m o s t c r i t i c a l l o a d i n g s spec i f ied i n s e c t i o n s 
. 2 1 4 , . 2 1 5 , . 2 1 7 0 , a n d .22 r e s p e c t i v e l y . 

.2130 Forward Fuselage Conditions. T h e 
p o r t i o n of t h e f u s e l a g e f o r w a r d of t h e f r o n t m a i n 
w i n g a t t a c h p o i n t s h o u l d b e d e s i g n e d fo r t h e 
a p p l i e d l o a d s spec i f ied in ( a ) , ( b ) , ( c ) , a n d ( d ) 
b e l o w , a c t i n g i n d e p e n d e n t l y . T h e l o a d s f r o m 
t h e d e a d w e i g h t i t e m s in t h e f o r w a r d f u s e l a g e 
m a y b e a s s u m e d t o b e u n i f o r m l y d i s t r i b u t e d 
o v e r t h e f o r w a r d f u s e l a g e l e n g t h w i t h t h e 
e x c e p t i o n of t h e e n g i n e w e i g h t l o a d w h i c h 
m a y b e a s s u m e d t o b e c o n c e n t r a t e d a t t h e 
e n g i n e c. g . if t h e e n g i n e i s i n t h e f u s e l a g e . 
T h e w e i g h t d i s t r i b u t i o n c o r r e s p o n d i n g t o m a x i 
m u m f o r w a r d c. g. s h o u l d b e u s e d fo r a l l 
c o n d i t i o n s speci f ied in t h i s s e c t i o n . S e e F i g u r e 
.2130 for a t y p i c a l f o r w a r d f u s e l a g e l o a d i n g 
d i a g r a m . 

(a) D o w n l o a d . — D o w n w a r d l o a d s f r o m 
a n i n e r t i a l o a d f a c t o r of 4 .2 s h o u l d b e u s e d i n 
t h e c o n d i t i o n . 

( b ) U p l o a d . — U p w a r d l o a d s f r o m a n 
i n e r t i a l o a d f a c t o r of 1.0 s h o u l d b e u s e d i n 
t h i s c o n d i t i o n . 

(c) S i d e l o a d . — S i d e w a r d l o a d s f r o m a n 
i n e r t i a l o a d f a c t o r of 1.0 s h o u l d b e u s e d in t h i s 
c o n d i t i o n . 
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(d) S u p p l e m e n t a r y l o a d s . — W h e n e q u i p p e d 
w i t h a n o s e w h e e l t y p e l a n d i n g g e a r , suf f ic ient 
s t r e n g t h s h o u l d b e p r o v i d e d for t h e n o s e w h e e l 
l o a d s spec i f ied in T a b l e . 2232 , col . 5 , u s i n g : 
(a ) o n l y t h e s i d e w a r d a n d u p w a r d l o a d c o m 
p o n e n t s , a n d (b) o n l y t h e f o r w a r d a n d u p w a r d 
l o a d c o m p o n e n t s . T h e i n e r t i a l o a d f a c t o r 
s h o u l d b e a s s u m e d e q u a l t o z e r o . 

.2131 Aft Fuselage Conditions. T h e p o r t i o n 
of t h e f u s e l a g e a f t of t h e r e a r m a i n w i n g a t t a c h 
p o i n t s h o u l d b e d e s i g n e d for t h e a p p l i e d l o a d s , 
spec i f ied i n ( a ) , ( b ) , ( c ) , a n d (d ) b e l o w , a c t i n g 
i n d e p e n d e n t l y . F o r s i m p l i c i t y t h e l o a d s f r o m 
t h e d e a d w e i g h t i t e m s i n t h e a f t f u s e l a g e m a y 
b e a s s u m e d t o b e u n i f o r m l y d i s t r i b u t e d o v e r t h e 
aft f u s e l a g e l e n g t h w i t h t h e e x c e p t i o n of t h e 
e m p e n a g e d e a d w e i g h t w h i c h m a y b e a s s u m e d 
t o b e c o n c e n t r a t e d a t t h e e m p e n a g e c. g. T h e 
w e i g h t d i s t r i b u t i o n c o r r e s p o n d i n g t o m a x i m u m 
af t c. g . s h o u l d b e u s e d for a l l c o n d i t i o n s s p e c i 
fied in t h i s s e c t i o n . S e e F i g u r e .2131 for a 
t y p i c a l aft. f u s e l a g e l o a d i n g d i a g r a m . 

(a ) D o w n l o a d . — D o w n w a r d l o a d s f r o m 
a n i n e r t i a l o a d f a c t o r of 4 .2 c o m b i n e d w i t h t h e 
m a x i m u m d o w n t a i l l o a d of s e c t i o n .214 
s h o u l d be u s e d in t h i s c o n d i t i o n . 

(b ) U p l o a d . — U p w a r d l o a d s u s i n g t h e 
m a x i m u m u p h o r i z o n t a l t a i l l o a d of s e c t i o n 
.214 s h o u l d b e u s e d in t h i s c o n d i t i o n . T h e 
v e r t i c a l i n e r t i a l oad f a c t o r m a y b e a s s u m e d t o 
b e z e r o . 

(c) S i d e l o a d . — S i d e w a r d l o a d s f r o m a n 
i n e r t i a l o a d f a c t o r of 1.0 c o m b i n e d w i t h t h e 
m a x i m u m v e r t i c a l t a i l l o a d of s e c t i o n 1214 
s h o u l d b e u s e d in t h i s c o n d i t i o n . I n a n a l y z i n g ' 
for t h i s c o n d i t i o n , p r o p e r a l l o w a n c e s h o u l d b e 
m a d e for t h e t o r s i o n w h i c h wil l ex is t w h e n t h e 
c e n t e r of p r e s s u r e of t h e v e r t i c a l s u r f a c e i s 
a b o v e t h e f u s e l a g e e l a s t i c a x i s . 

(d) S u p p l e m e n t a r y l o a d . — W h e n e q u i p p e d 
w i t h a t a i l w h e e l type l a n d i n g gc-ar, suff ic ient 
s t r e n g t h s h o u l d b e p r o v i d e d in t h e p r i m a r y 
f u s e l a g e s t r u c t u r e for t h e t a i l w h e e l l o a d s 
spec i f ied in T a b l e . 2 2 3 1 , co l . 2 , a n d co l . 3 . 
T h e i n e r t i a f a c t o r s h o u l d b e a s s u m e d e q u a l t o 
z e r o . 

. 2132 Fuselage Section Between Wing Attach 
Points. T h e p o r t i o n of t h e fuse lage s t r u c t u r e 
b e t w e e n t h e f r o n t a n d r e a r m a i n w i n g a t t a c h 
p o i n t s s h o u l d b e d e s i g n e d for t h e c r i t i c a l l o a d 
i n g s f r o m e i t h e r s e c t i o n .2130 o r s e c t i o n . 2 1 3 1 , 

w h i c h e v e r is g r e a t e r . F o r c o n v e n i e n c e , t h e 
m a x i m u m l o a d s ( b e n d i n g m o m e n t , s h e a r , 
t o r q u e ) a t t h e f r o n t o r r e a r a t t a c h p o i n t s f o u n d 
f r o m t h e s e s e c t i o n s m a y b e a s s u m e d c o n s t a n t 
t h r o u g h o u t t h e e n t i r e s e c t i o n . W h e n l a r g e 
i t e m s of m a s s , s u c h a s h o p p e r s , c a r g o c o m p a r t 
m e n t s , e t c . , a r e l o c a t e d in t h i s r e g i o n , t h e l o c a l 
l o a d s d u e t o t h e s e i n s t a l l a t i o n s s h o u l d b e c o m 
b i n e d w i t h t h e o v e r a l l l o a d s in a c o n s e r v a t i v e 
m a n n e r . 

, 2133 Fuselage to Wing Attach Points. T h e 
f u s e l a g e t o w i n g a t t a c h p o i n t s a n d f u s e l a g e 
s t r u c t u r e d i r e c t l y a f f ec t ed s h o u l d b e d e s i g n e d 
fo r t h e c r i t i c a l l o a d s of s e c t i o n s .2120 , . 2 1 2 1 , 
. 2122 , a n d .2124 w h e n t h e l a n d i n g g e a r i s 
a t t a c h e d t o t h e w i n g . C o n s e r v a t i v e a s s u m p 
t i o n s h o u l d b e u s e d fo r t h e d i s t r i b u t i o n of d r a g 
l o a d t o t h e a t t a c h p o i n t s . A l t h o u g h n o u n -
s y m m e t r i c a l l o a d i n g is e x p l i c i t l y spec i f i ed , 
suff ic ient s t r e n g t h s h o u l d b e p r o v i d e d a t t h e 
a t t a c h p o i n t s a n d in t h e c a r r y t h r o u g h s t r u c t u r e 
for u n s y m m a t e r i c a l l o a d s . 

.2134 Dead Weight Items. T h e l o c a l s u p 
p o r t i n g s t r u c t u r e fo r d e a d w e i g h t i t e m s s h o u l d 
be d e s i g n e d for t h e f o l l o w i n g l i m i t l o a d s a p p l i e d 
i n d e p e n d e n t l y : 

(a) D o w n l o a d s = 4 . 3 3 X w e i g h t of i t e m in 
p o u n d s . 

(b) U p l o a d s = 1.0 X w e i g h t of i t e m in 
p o u n d s . 

(c) F o r w a r d a n d a f t = 1.0 X w e i g h t of i t e m 
in p o u n d s . 

(d) S i d e = 1 , 0 X w e i g h t of i t e m in p o u n d s . 
S i n c e i t e m s of m a s s l o c a t e d a w a y f r o m t h e 

a i r p l a n e c. g. s u s t a i n h i g h e r l o a d f a c t o r s d u e t o 
u n b a l a n c e d p i t c h i n g , o r y a w i n g m o m e n t s , 
c o n s e r v a t i v e a s s u m p t i o n s s h o u l d b e m a d e w i t h 
r e g a r d t o t h e d e s i g n l o a d s i m p o s e d o n t h e i r 
s u p p o r t i n g s t r u c t u r e . S e e s e c t i o n .2170 fo r 
l o a d s o n e n g i n e m o u n t s a n d s e c t i o n s . 3 5 1 0 a n d 
.3512 for l o a d s i m p o s e d d u r i n g m i n o r c r a s h e s . 

,214 Control Surface and Control Surface 
Supporting Structure Design Conditions. 

(a) T h e c o n t r o l s u r f a c e a n d t h e s u p p o r t i n g 
s t r u c t u r e d i r e c t l y a f f ec t ed b y t h e c o n t r o l s u r 
face l o a d s s h o u l d m e e t t h e c r i t e r i a of s e c t i o n 
.202 u s i n g t h e l i m i t l o a d i n g s a n d d i s t r i b u t i o n 
in T a b l e . 214 . N o t e t h a t o n l y s y m m e t r i c a l 
l o a d i n g s a r e spec i f i ed ; t h e s t r u c t u r e s h o u l d b e 
c a p a b l e of s u s t a i n i n g u n s y m m e t r i c a l l o a d i n g s 

397956 O -56 -8 
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w h e n s u c h l o a d i n g s m i g h t p r o d u c e a m o r e 
c r i t i c a l d e s i g n c o n d i t i o n t h a n t h o s e spec i f i ed . 

(b) If t h e d i s t r i b u t i o n of l o a d i n g o n t h e 
m o v a b l e s u r f a c e of (a) a b o v e r e s u l t s in h i n g e 
m o m e n t s g r e a t e r t h a n t h o s e c o r r e s p o n d i n g t o 
t h e p i l o t f o r c e s spec i f ied i n s e c t i o n .215 b e l o w , 
t h i s d i s t r i b u t i o n m a y b e m o d i f i e d a s n e c e s s a r y 
t o r e d u c e t h e h i n g e m o m e n t s . b u t t h e t o t a l l o a d s 
o n t h e fixed a n d m o v a b l e s u r f a c e s s h o u l d r e m a i n 
t h a t of ( a ) . 

.215 Control System Design Conditions. 
fa) T h e c o n t r o l s a n d t h e c o n t r o l s y s t e m a n d 

t h e p a r t s of t h e s t r u c t u r e d i r e c t l y a f fec ted b y 
c o n t r o l s y s t e m l o a d s s h o u l d m e e t t h e c r i t e r i a 
of s e c t i o n .202 u n d e r t h e l i m i t p i lo t l o a d s s p e c i 
fied in T a b l e . 215 . 

Table .215. —Limit Pilot Loads 

Design limit load 

/Stick 
IWhee 

Elevator 

tick 67 pcund*. 
lee] i. _ .S3 I> ' inch-pounds. 

(Stick. . 167 pounds. 
UVheel 200 founds. 

200 pounds. 

* The eo^tTol wheel, its attschmepl and aflecti^ part? tt trie ccrlrol 
column should also hf designed for a sinele tangential force having a 
limit value equal la 1.25 times the couple force determined from the 
above criteria. 

J D = Diameter of control wheel. 

.216 Control Surface and System Tests. W i t h 
t h e c o n t r o l s u r f a c e l o a d e d so a s t o p r o d u c e t h e 
p i lo t effort fo rces spec i f i ed in s e c t i o n . 2 1 5 , t h e 
c o n t r o l s m a y b e o p e r a t e d t h r o u g h t h e i r full 
r a n g e of t r a v e l . I n t h e t e s t t h e r e s h o u l d b e no 
j a m m i n g a n d t h e def lec t ion s h o u l d n o t exceed 30 
p e r c e n t of t h e full c o n t r o l s u r f a c e t r a v e l of t h e 
u n l o a d e d s u r f a c e . I f t h e p d o t effort fo rces p r o 
d u c e s u r f a c e l o a d i n g s in excess of t h e d e s i g n 
s u r f a c e l o a d s of s e c t i o n .214 , t h e n t h e s u r f a c e 
m a y b e l o a d e d so a s t o p r o d u c e t h e l o a d i n g s of 
s e c t i o n .214 a n d t h e d i f f e rence b e t w e e n t h i s 
l o a d i n g a n d t h e p i lo t effort fo rces m a y b e 
a p p l i e d t o t h e s y s t e m a t t h e c o n t r o l s u r f a c e 
h o r n . 

.217 Supplementary Design Condition*. 

. 2170 Engine Mount Loads. E n g i n e m o u n t s 
a n d t h e s t r u c t u r e d i r e c t l y a f fec ted b y l o a d s o n 
t h e e n g i n e m o u n t s h o u l d m e e t t h e c r i t e r i a of 
s e c t i o n .202 u n d e r t h e l imi t l o a d s specif ied in 
(a) a n d (b) b e l o w . 

(a ) E n g i n e t o r q u e l o a d s a s speci f ied in F i g u r e 
.2170 c o m b i n e d w i t h t h e l o a d s o n t h e m o u n t 
r e s u l t i n g f r o m t h e a i r p l a n e a c c e l e r a t i o n specif ied 
in s e c t i o n . 2120 . 

(b) S i d e l o a d s r e s u l t i n g f rom a l a t e r a l a c c e l 
e r a t i o n of t h e a i r p l a n e e q u a l t o 1.5g. 

.22 Ground Loads. T h e l i m i t l o a d s spec i f ied 
in t h e fo l l owing s u b s e c t i o n s a r e e x t e r n a l l o a d s 
a n d m a y b e u s e d d i r e c t l y for d e s i g n p u r p o s e s in 
l i eu of l o a d s b a s e d o n m o r e r a t i o n a l c r i t e r i a . 

.220 General. I n g e n e r a l , e x c e p t a s n o t e d 
in o t h e r s e c t i o n s , t h e g r o u n d l o a d s spec i f ied 
b e l o w s h o u l d b e u s e d o n l y for t h e d e s i g n of t h e 
l a n d i n g g e a r a n d i t s loca l s u p p o r t i n g s t r u c t u r e . 

.221 Design Ijinding Weight. T h e d e s i g n 
w e i g h t u s e d in t h e l a n d i n g c o n d i t i o n s s h o u l d 
b e e q u a l t o o r g r e a t e r t h a n t h e m a x i m u m g r o s s 
w e i g h t u s e d for t h e s t r u c t u r a l d e s i g n of t h e 
a i r p l a n e for flight l o a d s . 

.222 Load Factor for Ijinding Conditions. 
T h e s t r e n g t h a n d d e f o r m a t i o n s t a n d a r d s of 
p a r a g r a p h .202 s h o u l d b e m e t for t h e a i r p l a n e 
a s a w h o l e a t a l i m i t l o a d f a c t o r g i v e n i n F i g u r e 
.222 . 

.223 landing Cases. T h e l a n d i n g g e a r a n d 
t h e s t r u c t u r e a f fec ted b y l o a d s o n t h e l a n d i n g 
g e a r s h o u l d m e e t t h e c r i t e r i a of s e c t i o n .202 
u n d e r t h e l o a d s r e s u l t i n g f r o m t h e f o l l o w i n g 
c a s e s . 

. 2230 Main Landing Gear Loads {Tail Wheel 
Type). T h e l a n d i n g ca se s speci f ied in T a b l e .2230 
a n d d e s c r i b e d in F i g u r e .2230 a p p l y t o t h e m a i n 
l a n d i n g g e a r t a i l w h e e l t y p e . 

.2231 Tail Wheel Loads (Tail Wheel Type). 
T h e l a n d i n g c a s e s speci f ied in T a b l e .2231 a n d 
d e s c r i b e d in F i g u r e .2231 a p p l y t o t h e t a i l w h e e l . 
O n l y t h e af t fuse lage ( s ec t i on . 2131) a n d local 
ta i l w h e e l s u p p o r t i n g s t r u c t u r e n e e d b e i n v e s t i 
g a t e d for t h e s e l o a d s . 

. 2232 Nose Wheel Type Gear. T h e l a n d i n g 
c a s e s specif ied in t a b l e .2232 a n d d e s c r i b e d in 
F i g u r e .2232 a p p l y t o l a n d i n g g e a r of t h e n o s e 
w h e e l t y p e . 

.224 Landing Gear Tests for Demonstrating 
Compliance. C o m p l i a n c e w i t h t h e l a n d i n g c o n 
d i t i o n s t a n d a r d s of s e c t i o n .22 m a y b e d e m o n 
s t r a t e d b y free d r o p t e s t s of t h e c o m p l e t e 
a s s e m b l e d a i r p l a n e if t h e c o m p l e t e a i r p l a n e is 
d r o p p e d a t l eas t t w i c e f r o m t h e d r o p h e i g h t 
speci f ied in F i g u r e .224 in e a c h of t h e fo l l owing 
a t t i t u d e s w i t h o u t d e t r i m e n t a l p e r m a n e n t s e t . 

.2240 Nose Wheel Type Landing Cear Drop 
Tests. A i r p l a n e s e q u i p p e d w i t h n o s e w h e e l t y p e 
g e a r s h o u l d b e d r o p p e d : 
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s t r u c t u r a l p a r t s s h o u l d b e d e s i g n e d for l o a d s 
e x c e e d i n g t h e l o a d s spec i f ied in s e c t i o n .2 b y 
a f a c t o r of 2 .00 u n l e s s spec i a l q u a l i t y c o n t r o l 
m e a s u r e s for s u c h c a s t i n g s a r e e s t a b l i s h e d . T o 
a c c o u n t for w e a r a n d o t h e r s e r v i c e p r o b l e m s , 
b e a r i n g s u r f a c e s of c o n t r o l s u r f a c e h i n g e s 
s h o u l d h a v e s t r e n g t h for l o a d s a p p r e c i a b l y in 
e x c e s s of t h e d e s i g n l o a d s of s e c t i o n .2 u n l e s s 
l u b r i c a t e d ba l l o r ro l l e r b e a r i n g s a r e i n c o r 
p o r a t e d . 

.32 Control Surfaces and Systems. 

.320 Flaps. The m o t i o n of f laps on e i t h e r 
s ide of t h e a i r p l a n e s h o u l d b e s y n c h r o n i z e d b y a 
p o s i t i v e i n t e r c o n n e c t i o n u n l e s s i t is s h o w n b y 
flight t e s t t h a t t h e a i r p l a n e h a s safe c h a r a c t e r i s 
t i cs w i t h t h e f laps e x t e n d e d o n o n e s ide o n l y . 

.33 Flutter Prevention Measures. W i n g , t a i l 
s u r f a c e , c o n t r o l s y s t e m s a n d o t h e r s t r u c t u r a l 
p a r t s s h o u l d be free f r o m flutter a t all s p e e d s u p 
t o V d a s de f ined in s e c t i o n . 2100 . 

O n e of t h e fo l l owing m e a n s m a y b e u s e d in 
s h o w i n g c o m p l i a n c e : 

(a) a s a t i s f a c t o r y flutter a n a l y s i s m a y b e 
s u b m i t t e d , 

(b) t h e s t a n d a r d s of C A A A i r f r a m e a n d 
E q u i p m e n t E n g i n e e r i n g R e p o r t N o . 45 " S i m p l i 
fied F l u t t e r P r e v e n t i o n C r i t e r i a for P e r s o n a l 
T y p e A i r c r a f t " m a y b e m o t , o r (c) flight flutter 
t e s t s m a y b e c o n d u c t e d t o s h o w t h a t a flutter 
c o n d i t i o n w o u l d n o t d e v e l o p a t s p e e d s u p t o V d . 

.34 Vision. T h e p i l o t c o m p a r t m e n t s h o u l d 
b e a r r a n g e d t o afford t h e p i l o t a su f f i c i en t ly 
e x t e n s i v e c l e a r a n d u n d i s t o r t e d v i e w fo r t h e 
safe o p e r a t i o n of t h e a i r p l a n e . A n u n o b 
s t r u c t e d r a n g e of p i l o t v i e w in a n a r c 9 0 ° e a c h 
s ide of t h e a i r p l a n e c e n t e r l i ne a n d 2 0 ° f r o m 
t h e h o r i z o n t a l d o w n o v e r t h e n o s e is r e c o m 
m e n d e d . 

.35 Protection. 

.350 Crew Protection. 
. 3500 Seats, Safety Belts or Harnesses. Suffi

c i e n t s t r e n g t h s h o u l d b e p r o v i d e d in t h e s e a t 
a n d s e a t i n s t a l l a t i o n a n d in t h e a t t a c h m e n t for 
s a f e t y b e l t a n d / o r h a r n e s s for c r a s h l a n d i n g s i n 
w h i c h it is a s s u m e d t h a t t h e fo l l owing u l t i m a t e 
a c c e l e r a t i o n fo rce s a r e a c t i n g s e p a r a t e l y o n t h e 
o c c u p a n t s : 

( a ) F o r w a r d — 9 . 0 
(b) S i d e w a r d — 3 . 0 
(c) V e r t i c a l — 6 . 0 ( d o w n ) 

3.0 ( u p ) 
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(a ) I n t h e full n o s e - u p a t t i t u d e o n t o a l e v e l 
p l a t f o r m . 

(b ) I n t h e l eve l a t t i t u d e , w i t h t h e c e n t e r of 
g r a v i t y in i t s m o s t f o r w a r d p o s i t i o n , o n t o p l a t 
f o r m s u n d e r t h e m a i n a n d n o s e w h e e l s a n d i n 
c l i n e d a t a n a n g l e 18° 1 6 ' u p a n d f o r w a r d . 

(c) I n t h e l e v e l a t t i t u d e o n t o p l a t f o r m s 
u n d e r t h e m a i n w h e e l s o n l y a n d i n c l i n e d a s in 
( b ) . T h e n o s e w h e e l s h o u l d n o t b e a l l o w e d t o 
c o n t a c t in t h i s t e s t . 

. 2241 Tail Wheel Type Landing Gear Drop 
Tests. A i r p l a n e s e q u i p p e d w i t h ta i l w h e e l t y p e 
g e a r s h o u l d b e d r o p p e d : 

(a) I n t h e t h r o e - p o i n t l a n d i n g a t t i t u d e on 
a l e v e l s u r f a c e . 

(b) I n t h e l eve l a t t i t u d e o n t o a l eve l p l a t 
f o r m . T h e m a i n g e a r o n l y s h o u l d be a l l o w e d to 
c o n t a c t d u r i n g t h i s t e s t . 

(c) T h e l eve l a t t i t u d e o n t o p l a t f o r m s u n d e r 
t h e m a i n w h e e l s o n l y a n d i n c l i n e d at. a n a n g l e 
of 18° 1 6 ' u p a n d f o r w a r d . T h e ta i l g e a r s h o u l d 
n o t be a l l o w e d t o c o n t a c t in t h i s t e s t . 

. 225 Landing Gear Wheels and Tires. M a i n 
a n d n o s e l a n d i n g g e a r w h e e l s s h o u l d b e of a n 
a p p r o v e d t y p e . T h e m a i n w h e e l s a n d t i r e s 
s h o u l d h a v e s t a t i c r a t i n g s e q u a l t o o r g r e a t e r 
t h a n t h e g r o s s w e i g h t of t h e a i r p l a n e d i v i d e d b y 
t h e n u m b e r of m a i n w h e e l s . T h e n o s e w h e e l a n d 
t i r e s h o u l d h a v e a r a t i n g ( t i r e r a t i n g t o b e c o m 
p a r e d w i t h t h e d y n a m i c r a t i n g e s t a b l i s h e d for 
s u c h t i r e s ) e q u a l t o o r g r e a t e r t h a n t h e l o a d o b 
t a i n e d a s s u m i n g a fo rce of lg d o w n w a r d a n d 0 .31 
g f o r w a r d a c t i n g a t t h e c e n t e r of g r a v i t y of t h e 
a i r p l a n e . 

.226 Brakes. If b r a k e s a r e i n s t a l l e d , t h e y 
s h o u l d b e a d e q u a t e for s p e e d c o n t r o l d u r i n g 
t a x i i n g a n d s h o u l d b e c a p a b l e of p r e v e n t i n g t h e 
a i r c r a f t f r o m r o l l i n g w h i l e a p p l y i n g full e n g i n e 
t akeof f p o w e r . 

.3 Design and Construction Standards 
.30 General. T h e s t r u c t u r e a n d al l m e c h a n 

i s m s e s s e n t i a l t o t h e safe o p e r a t i o n of t h e a i r 
p l a n e s h o u l d no t i n c o r p o r a t e d e s i g n d e t a i l s o r 
b e c o n s t r u c t e d of m a t e r i a l s w h i c h e x p e r i e n c e 
h a s s h o w n t o be u n r e l i a b l e o r o t h e r w i s e u n 
s a t i s f a c t o r y . T h e u s e of s t a n d a r d p a r t s a n d 
a p p r o v e d c o m p o n e n t s is r e c o m m e n d e d . 

.31 Special Factors. I f a n a l y s i s is u s e d t o 
p r o v e t h e s t r e n g t h of f i t t i ngs , t h e l o a d s speci f ied 
in s e c t i o n .2 s h o u l d b e m u l t i p l i e d b y a n a d d i 
t i o n a l f a c t o r of 1.15. C a s t i n g s u s e d in p r i m a r y 



100 AIRCRAFT AIRWORTHINESS RESTRICTED CATEGORY CAM 8 

The weight of A crew member should be 
assumed to be at least 180 pounds. 

Recommendation. The military services have 
found that crash injuries and fatalities can be 
GTEATLY reduced by providing cockpit structures, 
safety belt, shoulder harness and seat installa
tions which can withstand a forward acting 
acceleration force ON the occupants of 20 g or 
more. It is suggested that similar provisions 
be incorporated in agricultural aircraft. 

. 3501 Cockpit Hazard*. Protrusions, knobs, 
sharp cornel's or other objects which are likely 
to be contacted by the crew in the event of a 
minor crash should be suitably padded or con
structed SO as to minimize the likelihood OF 
serious injuries to the crew. If shoulder har
nesses or equivalent means are provided to 
retain the crew in position in minor crashes, NO 
padding or similar provisions need be provided. 

. 3 5 0 2 Cargo Provision*. It is recommended 
that heavy items of mass, such as dust or spray 
containers, be so located or installed in such a 
manner that they will not shift and injure the 
crew under crash conditions. The items them
selves and the supporting structure for such 
items located aft of or in the immediate vicinity 
of the cockpit should be designed to restrain 
these items and their contents when subjected 
to the crash acceleration specified in section 
. 3500 . 

. 3503 Toxic Materials. If toxic materials 
are to be carried or dispersed by the aircraft 
suitable provisions for ventilating the cockpit to 
minimize the hazard to the crew from the toxic 
materials should bp provided. Compartments 
containing toxic material containers and lines 
should comply with the ventilation AND drain
age criteria of section . 3 5 1 1 . 

.351 Aircraft Protection. 
. 3510 Corrosion Protection. All members OF 

the structure should be suitably protected 
against deterioration OR loss of strength in serv
ice due to weathering, corrosion, abrasion or 
other causes. Due to the corrosive nature of 
some dusts and sprays used in agricultural 
operation, the design should be such as to reduce 
entry of these materials into interiors of wings, 
fuselage, etc. 

.3511 Dispensing Installations. Compart
ments containing flammable material containers 
and lines should be free of ignition sources and 

should be provided with adequate ventilation 
and drainage to assure that no hazardous ac
cumulation of flammable liquids or vapors can 
occur. Containers of flammable materials 
should be vented overboard and provided with 
positive seal filler caps. All flammable mate
rial discharge, vent, and drainage points should 
be located so as to obviate possible ignition 
from engine exhaust or other source. Care 
should bo taken to provide leakproof seams and 
connections. All metal components, including 
equipment items of the airplane, should be 
electrically bonded by means of a flexible con
ductor attaching the component to the basic 
structure of the airplane. 

[All liquid containers should be baffled so 
as to prevent rapid movement of their contents 
and sudden shifting of the aircraft center of 
gravity. The containers should be designed 
and tested for pressures obtained from Figure 
. 3 5 1 1 . The g values shown in the figure are 
the maximum anticipated in flight for the air
craft in which the tank is installed. In using 
Figure . 3 5 1 1 , first select the g value, then 
obtain the corresponding test pressure shown 
for the tank height. In no case should the 
limiting pressure be less than 3-5 p. s, i. Where 
spraying is done with highly volatile and 
flammable liquids or where the tank has a 
return line, it is recommended that an addi
tional pressure differential of the order of 1.5 
p. s. i. be i n c l u d e d ] 

.3512 Aircraft Structure Covering. Where 
flammable materials can impinge directly on 
surfaces of the airplane during dispensing 
operations, such surfaces should be at least 
flame resistant. 

.4 Powerplant Installation 
All components.-of the powerplant installation 

should be constructed, arranged, and installed 
in a manner which will assure the continued 
safe operation of the airplane and powerplant. 
Accessibility should be provided to permit 
such inspection and maintenance as is necessary 
to assure continued airworthiness. 

.40 Engines. Engines installed in certifi
cated airplanes should be of a type which has 
been certificated in accordance with the provi
sions of Part 13 , "Aircraft Engine Airworthi-

( R e v . 1 /20/56) 



CAM 8 AIBCBAFT AIRWORTHINESS RESTRICTED CATEGORY 101 

n e s s , " o r s h o u l d b e m i l i t a r y a p p r o v e d a i r c r a f t 
e n g i n e s . 

,41 Propellers. P r o p e l l e r s i n s t a l l e d i n ce r 
t i f i c a t e d a i r p l a n e s s h o u l d b e of a t y p e w h i c h 
h a s b e e n c e r t i f i c a t e d in a c c o r d a n c e w i t h t h e 
p r o v i s i o n s of P a r t 14, " A i r c r a f t P r o p e l l e r 
A i r w o r t h i n e s s , " o r s h o u l d b e m i l i t a r y a p p r o v e d 
a i r c r a f t p r o p e l l e r s . T h e m a x i m u m e n g i n e 
p o w e r a n d p r o p e l l e r s h a f t r o t a t i o n a l s p e e d 
p e r m i s s i b l e for u s e in t h e p a r t i c u l a r a i r p l a n e 
i n v o l v e d s h o u l d n o t exceed t h e c o r r e s p o n d i n g 
l i m i t s for w h i c h t h e p r o p e l l e r h a s b e e n 
c e r t i f i c a t e d . 

.410 Propeller Vibration. I n t h e ca se of 
a i r p l a n e s e q u i p p e d w i t h p r o p e l l e r s h a v i n g 
m e t a l b l a d e s o r o t h e r h i g h l y s t r e s s e d m e t a l 
c o m p o n e n t s , t h e v i b r a t i o n c h a r a c t e r i s t i c s of t h e 
p r o p e l l e r - e n g i n e c o m b i n a t i o n s h o u l d b e 
a p p r o v e d b y t h e A d m i n i s t r a t o r . 

.411 Propeller Pitch and Speed Limitations. 
S u i t a b l e m e a n s s h o u l d b e p r o v i d e d t o l i m i t t h e 
p r o p e l l e r p i t c h a n d s p e e d t o v a l u e s w h i c h wil l 
a s s u r e safe o p e r a t i o n u n d e r al l n o r m a l c o n d i t i o n s 
of o p e r a t i o n . 

.42 Fuel System. T h e fuel s y s t e m s h o u l d 
b e c o n s t r u c t e d a n d a r r a n g e d i n a m a n n e r t o 
a s s u r e t h e p r o v i s i o n of fuel t o e a c h e n g i n e a t 
a f low r a t e a n d p r e s s u r e a d e q u a t e for p r o p e r 
e n g i n e f u n c t i o n i n g u n d e r al l n o r m a l c o n d i t i o n s 
of o p e r a t i o n , a n d a l so t o m i n i m i z e t h e p o s s i 
b i l i t y of t h e f o r m a t i o n of v a p o r l o c k in t h e 
s y s t e m . 

.420 Fuel. System Arrangement. F u e l s y s 
t e m s s h o u l d b e so a r r a n g e d a s t o a s s u r e a g a i n s t 
t h e p o s s i b i l i t y of a i r l o c k d u e t o u n e q u a l f e e d i n g 
in ca se t w o o r m o r e t a n k s c a n s u p p l y fuel 
s i m u l t a n e o u s l y . 

.421 Fuel Flow Rate. T h e a b i l i t y of t h e 
fuel s y s t e m t o p r o v i d e t h e r e q u i r e d fuel f low 
r a t e s h o u l d b e d e m o n s t r a t e d , w i t h t h e a i r p l a n e 
in t h e a t t i t u d e c o r r e s p o n d i n g t o t h e b e s t a n g l e 
of c l i m b a t m i n i m u m w e i g h t , a n d a t a p r e s s u r e 
n o t l e ss t h a n t h e m i n i m u m p e r m i s s i b l e fo r 
s a t i s f a c t o r y e n g i n e o p e r a t i o n w i t h t h e p a r t i c u l a r 
c a r b u r e t o r s e t t i n g e m p l o y e d . F o r t h e p u r p o s e 
of t h i s d e m o n s t r a t i o n t h e a t t i t u d e a t t h e b e s t 
a n g l e of c l i m b m a y b e c a l c u l a t e d . T h e q u a n t i t y 
of fuel in t h e t a n k b e i n g t e s t e d s h o u l d n o t 
e x c e e d 10 p e r c e n t of t h e t a n k c a p a c i t y , p l u s 
1 g a l l o n . 

.4210 Fuel FlowRatefor Gravity Feed Systems. 
T h e fuel flow r a t e for g r a v i t y feed s y s t e m s ( m a i n 
a n d r e s e r v e s u p p l y ) s h o u l d b e 150 p e r c e n t of t h e 
a c t u a l t akeof f fuel c o n s u m p t i o n of t h e e n g i n e . 

.4211 Fuel Flow Rate for Pump Systems. T h e 
fuel flow r a t e fo r b o t h t h e p r i m a r y a n d e m e r 
g e n c y p u m p s h o u l d b e 0 .9 p o u n d p e r h o u r for 
e a c h t akeof f h o r s e p o w e r o r 125 pe rcen t , of t h e 
a c t u a l t akeof f fuel c o n s u m p t i o n of t h e e n g i n e , 
w h i c h e v e r is g r e a t e r . I n t h e c a s e of h a n d -
o p e r a t e d p u m p s , t h i s flow s h o u l d b e a v a i l a b l e 
w h e n t h e p u m p is o p e r a t e d a t n o t m o r e t h a n 
60 c o m p l e t e c y c l e s (120 s i n g l e s t r o k e s ) p e r 
m i n u t e . 

.422 Fuel Tanks. F u e l t a n k s s h o u l d b e 
c a p a b l e of w i t h s t a n d i n g w i t h o u t f a i l u r e a n y 
v i b r a t i o n , i n e r t i a , a n d fluid a n d s t r u c t u r a l l o a d s 
t o w h i c h t h e y m a y b e s u b j e c t e d in o p e r a t i o n . 
S u i t a b l e m e a n s s h o u l d b e p r o v i d e d t o p e r m i t , 
s a t i s f a c t o r y d r a i n a g e in t h e n o r m a l g r o u n d 
a t t i t u d e of w a t e r , s e d i m e n t , o r o t h e r f o r e i g n 
m a t e r i a l t h a t m a y h a v e c o l l e c t e d in t h e t a n k . 
T h e fuel t a n k o u t l e t s h o u l d b e p r o v i d e d w i t h a 
s u i t a b l e finger s t r a i n e r w h i c h is a c c e s s i b l e for 
c l e a n i n g . 

F u e l t a n k s s h o u l d b e s u i t a b l y v e n t e d f r o m t h e 
t o p p o r t i o n of t h e t a n k . T h e v e n t s h o u l d b e so 
c o n s t r u c t e d a s t o p r e c l u d e t h e p o s s i b i l i t y of 
s i p h o n i n g fuel d u r i n g n o r m a l o p e r a t i o n . T h e r e 
s h o u l d b e n o u n d r a i n a b l e p o i n t s in t h e v e n t l i n e 
in e i t h e r t h e g r o u n d o r l e v e l f l igh t a t t i t u d e . 
V e n t s s h o u l d n o t t e r m i n a t e a t p o i n t s w h e r e t h e 
d i s c h a r g e of fuel f r o m t h e v e n t o u t l e t wil l c o n 
s t i t u t e a fire h a z a r d o r f rom w h i c h f u m e s m a y 
e n t e r p e r s o n n e l c o m p a r t m e n t s o r o t h e r p o r t i o n s 
of t h e a i r p l a n e . 

U n l e s s a s e p a r a t e s e d i m e n t , b o w l is p r o v i d e d , 
fuel t a n k s s h o u l d b e p r o v i d e d w i t h a n a d e q u a t e 
s u m p w h i c h wil l b e e f fec t ive in al l n o r m a l 
g r o u n d a n d f l ight a t t i t u d e s . 

A n e x p a n s i o n s p a c e of a t l e a s t 2 p e r c e n t of t h e 
t a n k c a p a c i t y s h o u l d b e p r o v i d e d in t h e t a n k . 
I t s h o u l d n o t b e p o s s i b l e i n a d v e r t e n t l y t o fill 
t h e e x p a n s i o n s p a c e w h e n t h e a i r p l a n e is in t h e 
n o r m a l g r o u n d a t t i t u d e . 

.4220 Fuel Tank Pressure Test. F u e l t a n k s 
s h o u l d b e c a p a b l e of w i t h s t a n d i n g a n i n t e r n a l 
t e s t p r e s s u r e of p . s. i. w i t h o u t f a i l u r e o r 
l e a k a g e o r e x c e s s i v e d i s t o r t i o n . 

.4221 Fuel Tank Installation. T h e m e t h o d 
of s u p p o r t for t a n k s s h o u l d b e s u c h a s t o a d e -
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q u a t e l y d i s t r i b u t e o v e r t h e t a n k s u r f a c e t h e 
l o a d s r e s u l t i n g f r o m w e i g h t of t h e f lu ids in t h e 
t a n k s . T a n k s s h o u l d b e p r o t e c t e d a g a i n s t 
chaf f ing a t t h e p o i n t s of s u p p o r t . If f lexible 
t a n k l i n e r s a r e e m p l o y e d , t h e y s h o u l d b e so 
s u p p o r t e d t h a t w e a r of l i n e s wi l l n o t o c c u r a n d 
so t h a t t h e l i n e r will n o t b e r e q u i r e d t o w i t h 
s t a n d fluid l o a d s . 

T a n k c o m p a r t m e n t s s h o u l d b e v e n t i l a t e d a n d 
d r a i n e d t o p r e v e n t t h e a c c u m u l a t i o n of flam
m a b l e fluids o r v a p o r s . C o m p a r t m e n t * a d j a 
c e n t t o t a n k s w h i c h a r e a n i n t e g r a l p a r t of t h e 
a i r p l a n e s t r u c t u r e s h o u l d a l s o b e v e n t i l a t e d a n d 
d r a i n e d . 

F u e l t a n k s s h o u l d no t b e l o c a t e d o n t h e e n 
g i n e s i d e of t h e firewall. 

. 423 Fuel Pump and Pump Installation. If 
fuel p u m p s a r e p r o v i d e d , a t l e a s t o n e p u m p for 
e a c h e n g i n e s h o u l d b e d i r e c t l y d r i v e n b y t h e 
e n g i n e . E m e r g e n c y fuel p u m p s s h o u l d b e 
p r o v i d e d t o p e r m i t s u p p l y i n g al l e n g i n e s w i t h 
fuel in c a s e of t h e fa i lu re of a n y e n g i n e - d r i v e n 
p u m p . 

.424 Fuel System Lines. Fittings, and Acces
sories. F u e l l ines s h o u l d b e i n s t a l l e d a n d s u p 
p o r t e d in a m a n n e r w h i c h wil l p r e v e n t e x c e s s i v e 
v i b r a t i o n a n d wil l b e a d e q u a t e t o w i t h s t a n d 
l o a d s d u e t o fuel p r e s s u r e a n d a c c e l e r a t e d fl ight 
c o n d i t i o n s . L i n e s w h i c h a r e c o n n e c t e d t o 
c o m p o n e n t s of t h e a i r p l a n e b e t w e e n w h i c h 
r e l a t i v e m o t i o n m i g h t exist s h o u l d i n c o r p o r a t e 
p r o v i s i o n s fo r f l ex ib i l i ty . D r a i n s s h o u l d b e 
p r o v i d e d t o p e r m i t s a fe d r a i n a g e of t h e e n t i r e 
fuel s y s t e m . 

.4240 Fuel Strainer. A n a c c e s s i b l e fuel 
s t r a i n e r s h o u l d b e p r o v i d e d b e t w e e n t h e fuel 
t a n k o u t l e t a n d t h e fuel p u m p o r c a r b u r e t o r 
i n l e t . 

.43 Oil System. E a c h e n g i n e s h o u l d b e 
p r o v i d e d w i t h a n i n d e p e n d e n t o i l s y s t e m c a p a 
b l e of s u p p l y i n g t h e e n g i n e w i t h a n a m p l e 
q u a n t i t y of oi l a t a t e m p e r a t u r e n o t e x c e e d i n g 
t h e m a x i m u m w h i c h h a s b e e n e s t a b l i s h e d a s 
sa fe for c o n t i n u o u s o p e r a t i o n . 

.430 Oil Tanks. Oi l t a n k s s h o u l d b e c a p a 
b le of w i t h s t a n d i n g w i t h o u t f a i l u r e all v i b r a t i o n , 
i n e r t i a , a n d fluid l o a d s t o w h i c h t h e y m i g h t b e 
s u b j e c t e d in o p e r a t i o n . 

A n e x p a n s i o n s p a c e of n o t less t h a n t e n p e r 
c e n t of t h e t a n k c a p a c i t y o r one -ha l f g a l l o n , 
w h i c h e v e r is g r e a t e r , s h o u l d b e p r o v i d e d . I t 

s h o u l d n o t b e p o s s i b l e i n a d v e r t e n t l y t o fill t h e 
oil t a n k e x p a n s i o n s p a c e w h e n t h e a i r p l a n e is 
in t h e n o r m a l g r o u n d a t t i t u d e . 

Oi l t a n k s s h o u l d b e s u i t a b l y v e n t e d . V e n t s 
s h o u l d b e so a r r a n g e d t h a t c o n d e n s e d w a t e r 
v a p o r w h i c h m i g h t f reeze a n d o b s t r u c t t h e l ine 
c a n n o t a c c u m u l a t e a t a n y p o i n t . 

. 4300 Oil Tank Pressure Test. O i l t a n k s 
s h o u l d b e c a p a b l e of w i t h s t a n d i n g a n i n t e r n a l 
t e s t p r e s s u r e of 5 p . s. i. w i t h o u t f a i l u r e o r l e a k 
a g e , o r exces s ive d i s t o r t i o n . 

.4301 Oil Tank Installation. Oi l t a n k i n s t a l 
l a t i o n s s h o u l d c o m p l y w i t h t h e r e q u i r e m e n t s of 
s e c t i o n . 4 2 2 1 . 

.431 Oil System Lines, Fittings, and Acces
sories. Oi l l i ne s s h o u l d c o m p l y w i t h t h e p r o v i 
s i o n s of s e c t i o n . 425 . D r a i n s s h o u l d b e p r o v i d e d 
t o p e r m i t safe d r a i n a g e of t h e e n t i r e oil s y s t e m 
a n d s h o u l d i n c o r p o r a t e m e a n s for p o s i t i v e l o c k 
i n g in t h e c losed p o s i t i o n . 

.432 Engine Breather Lines. E n g i n e b r e a t h 
e r l i ne s s h o u l d b e so a r r a n g e d t h a t c o n d e n s e r 
w a t e r v a p o r w h i c h m i g h t f reeze a n d o b s t r u c t 
t h e l i n e c a n n o t a c c u m u l a t e a t a n y p o i n t . 
B r e a t h e r s s h o u l d d i s c h a r g e in a l o c a t i o n w h i c h 
will n o t c o n s t i t u t e a fire h a z a r d in c a s e f o a m 
i n g o c c u r s . T h e b r e a t h e r s h o u l d n o t d i s c h a r g e 
i n t o t h e e n g i n e a i r i n d u c t i o n s y s t e m . 

.44 Cooling. T e s t s s h o u l d b e c o n d u c t e d t o 
d e m o n s t r a t e t h a t s u i t a b l e c o o l i n g m e a n s a r e 
p r o v i d e d t o m a i n t a i n e n g i n e t e m p e r a t u r e s w i t h 
in s a fe o p e r a t i n g l i m i t s u n d e r al l n o r m a l c o n d i 
t i o n s of o p e r a t i o n w h e n t h e o u t s i d e a i r t e m p e r a 
t u r e is 100° F . a t s e a l eve l ( d e c r e a s i n g a t t h e 
r a t e of 3.6° F . p e r t h o u s a n d f e e t a b o v e s e a 
l e v e l ) , 

.45 Induction System. E a c h e n g i n e s h o u l d 
b e p r o v i d e d w i t h a n a l t e r n a t e a i r i n t a k e i n 
a d d i t i o n t o t h e n o r m a l c a r b u r e t o r a i r i n t a k e . 

.450 Induction System Anti-Icing P r o r i s i o r i s . 
T h e e n g i n e a i r i n d u c t i o n s y s t e m s h o u l d i n c o r 
p o r a t e a p r e h e a t e r o r e q u i v a l e n t m e a n s t o m i n i 
m i z e t h e p o s s i b i l i t y of c a r b u r e t o r i c ing . 

.451 Carburetor Air Preheater Design. 
M e a n s s h o u l d b e p r o v i d e d t o a s s u r e a d e q u a t e 
v e n t i l a t i o n of e x h a u s t c a r b u r e t o r a i r p r e h e a t e r s 
w h e n t h e e n g i n e is b e i n g o p e r a t e d w i t h c a r b u 
r e t o r h e a t oft*. T h e p r e h e a t e r s h o u l d b e c o n 
s t r u c t e d in s u c h a m a n n e r a s t o p e r m i t i n s p e c 
t i o n of e x h a u s t m a n i f o l d p a r t s w h i c h it s u r 
r o u n d s . 
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.46 Exhaust System, T h e e x h a u s t s y s t e m 
s h o u l d b e c o n s t r u c t e d a n d a r r a n g e d in s u c h a 
m a n n e r a s t o a s s u r e t h e safe d i s p o s a l of e x h a u s t 
g a s e s w i t h o u t t h e e x i s t e n c e of a h a z a r d of fire 
o r c a r b o n m o n o x i d e c o n t a m i n a t i o n of a i r in 
p e r s o n n e l c o m p a r t m e n t s . 

U n l e s s s u i t a b l e p r e c a u t i o n s a r e t a k e n , t h e 
e x h a u s t d i s c h a r g e a n d e x h a u s t s y s t e m p a r t s 
s h o u l d n o t b e l o c a t e d in c lose p r o x i m i t y t o 
p o r t i o n s of a n y s y s t e m s c a r r y i n g flammable 
fluids, v a p o r s , o r d u s t , n o r s h o u l d t h e y b e 
l o c a t e d u n d e r p o r t i o n s of s u c h s y s t e m s w h i c h 
m a y b e s u b j e c t t o l e a k a g e . All e x h a u s t s y s t e m 
c o m p o n e n t s s h o u l d b e s e p a r a t e d f r o m a d j a c e n t 
flammable p o r t i o n s of t h e a i r p l a n e w h i c h a r e 
o u t s i d e t h e e n g i n e c o m p a r t m e n t b y m e a n s of 
fireproof s h i e l d s . T h e e x h a u s t o u t l e t s h o u l d 
n o t b e l o c a t e d a t a n y p o i n t w h i c h m i g h t r e s u l t 
in i g n i t i o n of f l a m m a b l e fluids o r d u s t b e i n g 
d i s c h a r g e d f r o m t h e a i r p l a n e . 

.460 Exhaust Manifold. E x h a u s t m a n i f o l d 
s h o u l d b e m a d e of fireproof m a t e r i a l . P o r t i o n s 
of t h e m a n i f o l d w h i c h a r e c o n n e c t e d t o c o m 
p o n e n t s b e t w e e n w h i c h a p p r e c i a b l e r e l a t i v e 
m o t i o n m i g h t ex i s t s h o u l d i n c o r p o r a t e p r o v i 
s i o n s fo r flexibility. 

.461 Exhaust HeaUrs Used in Cabin Air 
Heating Syste7ns. H e a t e x c h a n g e r s of t h i s t y p e 
s h o u l d b e so c o n s t r u c t e d a s t o p r e c l u d e t h e 
p o s s i b i l i t y of e x h a u s t g a s e s e n t e r i n g t h e v e n t i l a t 
i n g a i r . S u i t a b l e m e a n s s h o u l d b e p r o v i d e d t o 
p e r m i t i n s p e c t i o n of c r i t i c a l p o r t i o n s of t h e 
h e a t e r o r e x h a u s t m a n i f o l d p a r t s . 

.47 Firewalls. Al l e n g i n e s s h o u l d b e i s o 
l a t e d f r o m t h e r e m a i n d e r of t h e a i r p l a n e b y 
m e a n s of a t i g h t firewall c o n s t r u c t e d of t h e 
fo l lowing m a t e r i a l s o r e q u i v a l e n t : 

(a) H e a t a n d c o r r o s i o n r e s i s t a n t s t e e l 
0 .015 i n c h t h i c k . 

(b) L o w c a r b o n s t ee l , s u i t a b l y p r o t e c t e d 
a g a i n s t c o r r o s i o n , 0 .018 i n c h t h i c k . 

.48 Cowling. P r o v i s i o n s h o u l d b e m a d e t o 
p e r m i t r a p i d , c o m p l e t e a n d safe d r a i n a g e of all 
p o r t i o n s of t h e c o w l i n g in a l l n o r m a l g r o u n d 
a n d f l ight a t t i t u d e s . 

C o w l i n g s h o u l d b e c o n s t r u c t e d of fire-
r e s i s t a n t m a t e r i a l . AH p o r t i o n s of t h e a i r p l a n e 
l y i n g b e h i n d o p e n i n g s in t h e e n g i n e c o m p a r t 
m e n t c o w l i n g s h o u l d a l so be c o n s t r u c t e d of 
fire-resistant m a t e r i a l s for a d i s t a n c e of a t l e a s t 
24 i n c h e s af t of s u c h o p e n i n g s . 

.49 Powerplant Controls and Accessories. 

.490 Powerplant Controls. C o n t r o l s s h o u l d 
m a i n t a i n a n y n e c e s s a r y p o s i t i o n w i t h o u t c o n 
s t a n t a t t e n t i o n b y t h e flight p e r s o n n e l a n d 
s h o u l d n o t t e n d t o c r e e p d u e t o c o n t r o l l o a d s 
o r v i b r a t i o n . C o n t r o l s s h o u l d b e p l a i n l y 
m a r k e d t o s h o w t h e i r f u n c t i o n a n d m e t h o d of 
o p e r a t i o n u n l e s s t h e f u n c t i o n is o b v i o u s . 

.491 Powerplant Accessories. A c c e s s o r i e s 
d r i v e n b y t h e e n g i n e s h o u l d b e l i m i t e d i n 
p o w e r r e q u i r e m e n t s a n d o v e r h u n g m a s s t o t h e 
m a x i m u m a l l o w a b l e for t h e e n g i n e d r i v e o n 
w h i c h t h e y a r e m o u n t e d . 

E l e c t r i c a l a c c e s s o r i e s s u b j e c t t o a r c i n g o r 
s p a r k i n g s h o u l d b e i n s t a l l e d s o a s t o m i n i m i z e 
t h e p o s s i b i l i t y of t h e i r c o n t a c t w i t h a n y flam
m a b l e fluids o r v a p o r s w h i c h m i g h t b e p r e s e n t 
in case, of f a i l u r e o r l e a k a g e . 

.5 Equipment 
.50 Ceneral. O n l y t h e e q u i p m e n t spec i f i ed 

in s e c t i o n .51 of t h e s e c r i t e r i a n e e d b e i n s t a l l e d 
in a n a i r p l a n e s u b m i t t e d f o r c e r t i f i c a t i o n u n d e r 
t h e s e c r i t e r i a . T h e e q u i p m e n t p r o v i d e d s h o u l d 
h a v e n o f e a t u r e s w h i c h e x p e r i e n c e h a s s h o w n 
wil l r e n d e r i t u n r e l i a b l e o r o t h e r w i s e u n s a t i s 
f a c t o r y . S u c h a d d i t i o n a l e q u i p m e n t a s is 
n e c e s s a r y for a speci f ic t y p e of o p e r a t i o n is 
l i s t e d in o t h e r p e r t i n e n t p a r t s of t h e C i v i l A i r 
R e g u l a t i o n s . 

.51 Required Equipment. 
(a) A i r s p e e d i n d i c a t o r 
(b) A l t i m e t e r 
(c) P o w e r p l a n t i n s t r u m e n t s 
(d) A p p r o v e d s a f e t y b e l t s o r h a r n e s s e s . 

.52 Recommended Equipment. 
(a) M a g n e t i c d i r e c t i o n i n d i c a t o r 
(b) S t a l l w a r n i n g i n d i c a t o r 
(c.) A p p r o v e d s h o u l d e r h a r n e s s e s . 

.6 Design and Operating Limitations and 
Information 

.61 Design Limitations. D e s i g n l i m i t a t i o n s 
s h o u l d b e e s t a b l i s h e d as fo l lows a n d s u b m i t t e d 
t o t h e C A A for i n c l u s i o n i n t h e A i r c r a f t Spec i f i 
c a t i o n . 

.610 Airspeeds. 

. 6100 Never-Exceed Speed, (V„e). T h i s 
s p e e d s h o u l d n o t e x c e e d 0.9 t i m e s t h e m a x i m u m 
d i v e s p e e d d e m o n s t r a t e d in flight t e s t s o r 0 .9 
V a , a s de f ined in s e c t i o n . 2100 , w h i c h e v e r is t h e 
lesser , 
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.6101 Maneuvering Speed. (V^). T h i s s p e e d 
s h o u l d n o t exceed t h e s p e e d f r o m F i g u r e .2100 . 

.6102 Flap* Extended Speed ( l * / f ) . T h e 
flap e x t e n d e d s p e e d s h o u l d n o t e x c e e d 24 t i m e s 
t h e s q u a r e r o o t of t h e w i n g l o a d i n g W S , 
w h e r e W is t h e m a x i m u m g r o s s w e i g h t u s e d for 
d e s i g n of t h e a i r f r a m e . 

.611 Poirerplant. T h e a p p l i c a b l e l i m i t s o n 
r o t a t i o n a l s p e e d a n d m a n i f o l d p r e s s u r e s h o u l d 
n o t e x c e e d , a n d t h e fuel o c t a n e r a t i n g s h o u l d 
n o t b e less t h a n , t h o s e e s t a b l i s h e d in t h e t y p e 
c e r t i f i c a t i o n of t h e e n g i n e a n d p r o p e l l e r . 

.612 Maximum Weight. T h e a i r p l a n e 
d e s i g n l i m i t a t i o n m a x i m u m w e i g h t s h o u l d b e 
d e t e r m i n e d in a c c o r d a n c e w i t h s e c t i o n 1 1 1 . 

. 613 Airplane Center of Gravity. T h e d e s i g n 
l i m i t a t i o n c e n t e r of g r a v i t v l i m i t s s h o u l d b e 
t h o s e d e t e r m i n e d in a c c o r d a n c e w i t h s e c t i o n 
. 1 1 . 

.62 Operating Limitations. O p e r a t i n g l i m i 
t a t i o n s a p p r o p r i a t e t o t h e spec ia l p u r p o s e for 
w h i c h t h e a i r p l a n e is t o b e u s e d will b e p r e 
s c r i b e d b y t h e A d m i n i s t r a t o r o n F o r m A C A - 3 0 9 
in a c c o r d a n c e w i t h C A M 8 . 3 0 - 1 . 

.63 Marking* and Placards. 

.630 General. T h e fo l l owing i n f o r m a t i o n 
s h o u l d b e d i s p l a y e d o n m a r k i n g s a n d p l a c a r d s 
o n t h e a p p r o p r i a t e p a r t s of t h e a i r p l a n e 
M a r k i n g s a n d p l a c a r d s s h o u l d b e s u c h t h a t 
t h e y c a n n o t b e ea s i l y d i s f igu red o r o b s c u r e d . 

.631 Airspeed Marking*. T h e fo l l owing a i r 
s p e e d l i m i t s a s speci f ied in s e c t i o n .610 s h o u l d 
b e m a r k e d o n t h e a i r s p e e d i n d i c a t o r o r on a 
p l a c a r d p o s t e d a d j a c e n t t o t h e i n d i c a t o r 

Maximum Airspie'h 
Flaps extended . . Vf, 
Abrupt maneuvers V m 

Never exceed . . _ Y„, 

. 632 Cockpit Control Marking*. C o c k p i t 
c o n t r o l s w i t h t h e e x c e p t i o n of t h e p r i m a r y 
fl ight c o n t r o l s s h o u l d b e m a r k e d p l a i n l y as t o 
t h e i r f u n c t i o n a n d m e t h o d of o p e r a t i o n . All 
e m e r g e n c y c o n t r o l s s h o u l d b e co lo red r e d . 

.633 Poirerplant Instrument Markings. All 
r e q u i r e d p o w e r p l a n t i n s t r u m e n t s s h o u l d b e 
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m a r k e d w i t h a r ed r a d i a l l i ne a t t h e m a x i m u m 
a n d m i n i m u m (if a p p l i c a b l e ) i n d i c a t i o n s for safe 
o p e r a t i o n . T h e n o r m a l o p e r a t i n g r a n g e s s h o u l d 
b e m a r k e d w i t h a g r e e n a r c w h i c h s h o u l d n o t 
e x t e n d b e y o n d t h e m a x i m u m a n d m i n i m u m 
l i m i t s for c o n t i n u o u s o p e r a t i o n . T a k e o f f a n d 
p r e c a u t i o n a r y r a n g e s s h o u l d b e m a r k e d w i t h a 
y e l l o w a r c . 

.634 Fuel Control Markings. 

(a) C o n t r o l s for fuel t a n k v a l v e s s h o u l d b e 
m a r k e d t o i n d i c a t e t h e p o s i t i o n c o r r e s p o n d i n g 
t o e a c h t a n k , t h e c a p a c i t y of e a c h t a n k , a n d t h e 
m i n i m u m fuel o c t a n e r a t i n g . 

(b) W h e n m o r e t h a n o n e fuel t a n k is p r o 
v i d e d , a n d if safe o p e r a t i o n d e p e n d s u p o n t h e 
use of t a n k s in a specif ic s e q u e n c e , t h e fuel t a n k 
s e l e c t o r c o n t r o l s s h o u l d b e m a r k e d a d j a c e n t t o 
o r o n t h e c o n t r o l t o i n d i c a t e t o t h e flight p e r 
s o n n e l t h e o r d e r in w h i c h t h e t a n k s s h o u l d b e 
u s e d . 

.635 Disposable Load Placards. E a c h c a r g o 
c o m p a r t m e n t , d i s p o s a b l e ' l o a d i n s t a l l a t i o n 
( h o p p e r s a n d s p r a y t a n k s ) , a n d b a l l a s t l o c a t i o n 
s h o u l d b e a r a p l a c a r d w h i c h s t a t e s t h e m a x i 
m u m a l l o w a b l e w e i g h t of c o n t e n t s a n d , if 
a p p l i c a b l e , a n y spec ia l l i m i t a t i o n s of c o n t e n t s 
d u e t o l o a d i n g c r i t e r i a , e t c . F o r t y p e ce r t i f i ca 
t i on , t h e w e i g h t s speci f ied o n t h e s e p l a c a r d s 
s h o u l d b e c o n s i s t e n t w i t h t h e m a x i m u m w e i g h t 
a n d c e n t e r of g r a v i t y r a n g e e s t a b l i s h e d u n d e r 
s e c t i o n s .111 a n d .11. T h e s e p l a c a r d s m a y b e 
c h a n g e d in a c c o r d a n c e w i t h C A M 8.10-3. 

.64 Airplane Empty Weight and Balance 
Information. T h e m a n u f a c t u r e r s h o u l d fu r 
n i sh w i t h e a c h a i r p l a n e a w e i g h t a n d b a l a n c e 
r e p o r t s h o w i n g t h e e m p t y w e i g h t a n d c e n t e r of 
g r a v i t y d a t a a s d e t e r m i n e d in a c c o r d a n c e w i t h 
s e c t i o n s .10 a n d .11. 

.7 Identification Data. 
I n a c c o r d a n c e w i t h C A R 1.50, a n i d e n t i f i c a 

t i o n p l a t e s h o u l d b e s e c u r e l y a t t a c h e d t o t h e 
s t r u c t u r e in a n acces s ib l e l o c a t i o n w h e r e i t is 
n o t l i ke ly t o b e d e f a c e d in n o r m a l s e r v i c e o r 
d e s t r o y e d in a n a c c i d e n t . 
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H 1.50 

-10 0 +10 
STAGGER 

Figure . 2 1 2 ( a ) , — D i s t r i b u t i o n of Loading Between Upper and Lower Biplane Wings 



^ 40c 

c 

N.L.A.A. 

WHERE : 
n , = MAXIMUM POSITIVE FLIGHT LOAD FACTOR 
n £ = MAXIMUM NEGATIVE FLIGHT LOAD FACTOR 
W / S = MAXIMUM G R O S S WEIGHT WING LOADING 

Figure . 212(b) .—Wing F l i g h t Condi t ions 
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W|F = WEIGHT OF ENGINE PROPELLER, AND 
ACCESSORIES ASSUMED CONCENTRATED 
AT THEIR e.g. 

W 2 F = WEIGHT OF ALL ITEMS IN FUSELAGE 
FORWARD OF FORWARD WING ATTACHMENT 
INCLUDING STRUCTURE WEIGHT BUT 
EXCLUDING ENGINE ITEMS ( USE WEIGHT 
ITEMS FOR MOST FORWARD e.g.) 

n = LOAD FACTOR FROM SECTION .2130 
F i g u r e . 2 1 3 0 . — T y p i c a l Forward F u s e l a g e Loading Diagram 
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w - W 2R X 

L r 
— ( t t / in ) W r x n J T T ) ^ 

i l l 
- L R 

W I R • WEIGHT OF HORIZONTAL AND VERTICAL TAILS 

W 2 R = WEIGHT OF ALL ITEMS IN FUSELAGE AFT 
OF REAR WING ATTACHMENT INCLUDING 
STRUCTURE WEIGHT BUT EXCLUDING TAIL 
(USE WEIGHT ITEMS FOR MOST AFT e.g.) 

n • LOAD FACTOR FROM SECTION .2131 

NOTE: FOR AFT FUSELAGE OVERALL DESIGN THE 
HORIZONTAL AND VERTICAL TAIL LOADS 
FROM SECTION .214 MAY BE ASSUMED CON
CENTRATED AT 50% OF THE TAIL SURFACE 
CHORD. 

Figure .2131.—Typical Aft Fuselage Loading Diagram 

( R e v . 1 /20/56) 



TABLE .214 

AVERAGE LIMIT CONTROL SURFACE LOADINGS 

SURFACE DIRECTION OF 
LOADING 

MAGNITUDE OF 
LOADING 

CHORDWISE 
DISTRIBUTION 

HORIZONTAL 
TAIL 

ID) UP AND DOWN 
FIGURE 214 

CURVE (3) 

® 

(b) DOWN 
FIGURE .214 * * 
CURVE ( f ) 

(c) UP .60x DOWN LOAD (b) 

VERTICAL 
TAIL 

(a) RIGHT OR LEFT FIGURE .214 CURVE (3) SAME AS (A) ABOVE 

(b) RIGHT OR LEFT FIGURE .214 CURVE SAME AS (|) ABOVE 

AILERON ("J UP ANO DOWN 
FIGURE .214 

CURVE © 

It-
HINGE 

w 

WING FLAP (o) UP 
FIGURE .214 

CURVE (2) 

TRIM TAB (a) UP AND DOWN FIGURE.214-CURVE (2) SAME AS (D) ABOVE 

pTOTE - If the design maneuvering speed, V M, selected for design is different from the 

value specified in figure .2100, the values marked * shall be multiplied by 

V_ selected 
M 

^ V M per fig, .2100 
and values marked shall be multiplied by 

V selected 

_ V M per fig. .2100^ 
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Figure .2170.—Engine Torque vs. R.P.M. 
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T a b l e .2230: MAIN LANDING GEAR L I M I T LOADS ( T A I L WHEEL T Y P E ) 

Cond i t i o n 

1 2 3 

Cond i t i o n 3 - p o i n t l and ing 
v e r t i c a l r e a c t i o n s 

L e v e l l a n d i n g 
w i t h i n c l i n e d 

r e a c t i o n s 

L e v e l l a n d i n g w i t h 
s i d e load 

See F i g u r e .2230(a) See F i g u r e .2230(b) See F i g u r e .2230(c ) 

V e r t i c a l component on both wheels b nw nW I.33W 

F o r e and a f t component , both 
d 

0 0.33W 0 

0 0 0.5W a c t i n g inboard one 
s i d e ; 0.33W a c t i n g 
o u t b o a r d on the o the r . 

Shock a b s o r b e r e x t e n s i o n 
See Note (1) See Note ( | ) S t a t i c d e f l e c t i o n o f 

O l e o . 

Shock a b s o r b e r d e f l e c t i o n 
( r u b b e r o r s p r i n g shock 

10031 10055. 

S t a t i c S t a t i c S t a t i c . 

C e n t e r o f w h e e l s C e n t e r o f w h e e l s Ground c o n t a c t p o i n t . 

Note ( I ) : F o r the pu rpose o f d e s i g n , the maximum load f a c t o r s h o u l d be assumed t o o c c u r t h r o u g h 
o u t the f u l l e x t e n t o f the shock a b s o r b e r s t r o k e , f r o m 25% d e f l e c t i o n t o \Q0% d e f l e c t i o n , and the 
load f a c t o r s h o u l d be used w i t h w h a t e v e r shock a b s o r b e r e x t e n s i o n is most c r i t i c a l f o r each e l e m e n t 
o f t h e l a n d i n g g e a r . The load f a c t o r may be o b t a i n e d f rom F i g . . 2 2 2 . 

No te ( 2 ) : S t a t i c d e f l e c t i o n o f t i r e s may be o b t a i n e d f rom t h e " T i r e and Kim A s s o c i a t i o n Y e a r 
book . " 
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F i g u r e . 2 2 3 0 ( b ) . — L e v e l Landing With Inclined R e a c t i o n s ( T a i l Wheel Type) 
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-
I 2 3 >V 

C o n d i t i o n 3 - p o i n t l a n d i n g O b s t r u c t i o n load S i d e l o a d - f r e e S i d e l o a d - l o c k e d 
v e r t i c a l reac t ions cond i t i on s w i v e l i n g whee l whee l o r s k i d 

See F i g u r e See F i g u r e See F i g u r e See F i g u r e 

.2231 ( a ) , • 2231 (b ) , . 2 2 3 1 ( c ) , . 2 2 3 1 ( d ) , 

Hote ( 2 ) . Note ( 2 ) . Note ( 2 ) . No te ( 3 ) . 

V e r t i c a t component ( 2 ) . . . . a nW, F i g u r e 0 .707 - f -nW, aW 
d F i g u r e .2230(a) d d 

-2230(a) 

0 0 aW aW 
d d 

F o r e and a f t c o m p o n e n t . . . . 0 0 .707 aW 
d 

0 0 

Shock a b s o r b e r e x t e n s i o n 
( h y d r a u l i c shock 

Hote ( I ) Ho te ( I ) 

Shock a o s o r b e r d e f l e c t i o n 
( r u b b e r o r s p r i n g shock 

100 p e r c e n t 100 p e r c e n t 100 p e r c e n t 100 p e r c e n t 

S t a t i c S t a t i c S t a t i c S t a t i c 

C e n t e r o f whee l C e n t e r o f wheel C e n t e r o f w h e e l Ground c o n t a c t 
p o i n t . 

Ho te ( | ) . F o r t h e pu rpose o f d e s i g n , t h e maximum load f a c t o r w i l l be assumed t o o c c u r t h r o u g h o u t 
the f u l l e x t e n t o f t h e shock a b s o r b e r s t r o k e , f r o m 25% d e f l e c t i o n t o 100% d e f l e c t i o n , and the load 
f a c t o r s h o u l d be used w i t h w h a t e v e r shock a b s o r b e r e x t e n s i o n i s most c r i t i c a l f o r each e lement o f t h e 
l a n d i n g g e a r . 

No te ( 2 ) . The maximum v a l u e o f ^ s h o u l d be u s e d . 

No te ( 3 ) . R e q u i r e d o n l y when l o c k i n g d e v i c e o r s k i d is u s e d . 

T a b l e .2231: T A I L WHEEL L I M I T LOADS 
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Figure . 2231 ( c ) . — S i d e Load, T a i l Wheel Free F i g u r e . 2 2 3 K d ) . — S i d e Load, T a i l Wheel Locked 
( T a i l Wheel) ( T a i l Wheel) 
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T a b l e . 2 ^32 : NOSE WHEEL T Y P E LANDING GEAR L I M I T LOADS 

CM 1 1 

3 it 5 

3-whee l \ 2-whee1 2-whee1 
l a n d i n g | l and ing land ing 

Cond i t i on w i t h i n - ! w i t h v e r t i  w i t h i n - S i d e d r i f t Bending in 

c l ined r e  c a l r e a c  c l ined r e  land ing nose s t r u t 

a c t i o n s : t i o n s , nose a c t i o n s , 
Note (2) ; 

l 
up nose down 

i 
See F i g u r e 1 See F i g u r e See F i g u r e See F i g u r e See F i g u r e 

.2232(b) .2232(c ) •2232(d) -2232(e) •2232( f ) 

Shock a b s o r b e r e x t e n s i o n (hy  1 
d r a u l i c shock a b s o r b e r ) . . . . Note ( ) ) '• Note ( I ) Note ( I ) 100 p e r c e n t Note ( I ) 

Shock a b s o r b e r d e f l e c t i o n 
-( r u b b e r o r s p r i n g shock -

100 p e r c e n t 100 p e r c e n t 100 p e r c e n t 100 p e r c e n t 100 p e r c e n t 

S t a t i c S t a t i c S t a t i c S t a t i c S t a t i c 

( V r nWb' nW nw I.33W 
Main whee l l oads 1 d ' 

0 . 3 3 V r 0 0 .33Vr 0 
( s r o 0 0 0.5W a c t i n g 

inboard on 
one w h e e l . 

0.33W a c t i n g 
ou tboa rd on 
o t h e r w h e e l . 

nWa' 0 0 0 2.25Wa 
1 d 

Nose wheel loads ( 0 . 3 3 V f 0 0 0 A f t 0 . 8 V f 

] N o t e ( 3 ) . 
/ Forward O . I V f 
\ S f 0 0 0 o. 5mya 

d 
0 . 7 V f 

C e n t e r o f C e n t e r o f C e n t e r o f Ground c o n  C e n t e r o f 
w h e e l s . w h e e l s . w h e e l s . t a c t p o i n t . whee1 . 

Note ( ] ) . Fo r the pu rpose o f d e s i g n , the maximum load f a c t o r s h o u l d be assumed t o occu r t h r o u g h 
o u t the f u l l e x t e n t o f the shock a b s o r b e r s t r o k e ' f r om 25$ d e f l e c t i o n t o 100% d e f l e c t i o n and the load 
f a c t o r may be used w i t h w h a t e v e r shock a b s o r b e r e x t e n s i o n i s most c r i t i c a l f o r each e lement o f the 
l a n d i n g g e a r . The load f a c t o r may be o b t a i n e d f rom F i g u r e . 222 . 

Note ( 2 ) . The most f o r w a r d c e n t e r o f g r a v i t y p o s i t i o n shou ld be i n v e s t i g a t e d . D i r e c t i o n o f the 
components is taken w i t h r e s p e c t t o the g round l i n e u n l e s s o t h e r w i s e n o t e d . 

No te ( 3 ) . The s p e c i f i e d f o r w a r d , a f t , and s i d e components may be assumed t o a c t s e p a r a t e l y bu t 
s h o u l d be combined w i t h the s p e c i f i e d v e r t i c a l toad ifi each c a s e . 
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- k - J -

GROUND LINE 

GROUND LINE 

Figure . 2 2 3 2 ( a ) . — E s s e n t i a l Dimensions of T r i c y c l e A l i g h t i n g Gear 

Figure . 2 2 3 2 ( b ) , —Three-Wheel Landing With I n c l i n e d R e a c t i o n s ( T r i c y c l e Gear) 

CONTACTING GROUND 
N O T E : IF A N G L E <=C G I V E S WING ANGLE OF ATTACK BEYOND STALL 

GROUND LINE f 
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TAN" .33 • 18° 16 -» 

VPtAN".33M8°I6' 6 R 0 U N D L I N E 

Figure .2232(d) .—Two-Wheel Landing With I n c l i n e d R e a c t i o n s —Nose Down. ( T r i c y c l e Gear) 

-fr-.33W-i ~ft .50W 
t 

.665 W 
T GROUND LINE 

.665W 
Figure . 2 2 3 2 ( e ) . — S i d e D r i f t Landing ( T r i c y c l e Gear) 

3 

GROUND LINE 
Vf= 2.25 W-J 

Df = .8Vf 

GROUND LINE 
Vf=2.25W^ 

Figure . 2232( f ) . — B e n d i n g in Nose S t r u t ( T r i c y c l e Gear) 
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